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PRECISE LEVELLING IN CANADA 
By F. Reip 

Wy ans this paper has the rather comprehensive title of 

‘* Precise Levelling in Canada”’ it should be explained at 
the outset that it has special reference to the methods employed 
and the territory covered by the Geodetic Survey, and it is 
intended merely to touch upon the work of other branches of the 
Government Service along these lines. In this country, the 
only precise levelling of any extent, so far as I am aware, is that 
which has been carried out by the Government, though in the 
United States some of the railways, notably the Baltimore and 
Ohio and the Pennsylvania Railroad, have undertaken precise 
level lines of considerable extent on their own account. 

This fact, namely, that some of the leading American Rail- 
roads have gone to the expense of running precise levels for 
their own benefit, does much to prove the demand for levels of a 
high degree of accuracy ; also, I might say, that while the work 
has been carried on for only a comparatively short time in 
Canada — the first work by this Department was done in 1906 
and is, therefore, not very widely known, yet we have had a 


large number of enquiries for the results, from railway corpora- 
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tions, city engineers, surveyors, consulting engineers and others 
While the work is of great use to the public at large it is of 
equal importance to the Geodetic Survey in the extension of its 
system of triangulation, and to the various topographical surveys 
carried on by the Militia and other Government Departments ; 
also to the International Boundary Survey. The making of 
accurate contour maps of any country is very greatly facilitated 
by a line ora net of precise levels 

If any further proof were needed for the necessity of this 
work a perusal of White's Dictionary of ‘‘ Altitudes in the 
Dominion of Canada ’’ would furnish a good deal of it. This is 
a very comprehensive work and has been prepared with great 
care from the best available information, obtained from many 
sources. In its preparation, however, many very large dis- 
crepancies in the elevations of junction points of railways, etc., 
were discovered, which it was found impossible to overcome by 
the use of the information at hand. I will instance three or tour 
cases on the main line of the Canadian Pacific Railway from 
Vancouver to St. John, N.B. The elevation published for 
Donald, B-C., by levels from the Pacific Ocean ts 2586 feet above 
sea level, and by levels from Lake Superier, 2574, a discrepanev 
of 12 feet. At Cartier, the first divisional point west of North 
Bay, there is a similar discrepancy of 54 feet between the levels 
from Iake Superior and from Montreal. At two points on the 
line through the State of Maine, also, there are discrepancies, 
one of 18 feet and one of 7 feet. These discrepancies all have 
the same sign and, therefore accumulate in the same direction, 
to the total amount of 71 feet. While there may be a slight 
difference in elevation between the Atlantic and Pacific Oceans 
along the respective coast lines, it would certainly amount to but 
a stnall fraction of this difference, and an investigation by means 
of precise levelling would seem to be in order. 

Precise levelling is, whenever possible, carried along rail- 
way tracks, rather than along highways or across country, the 
advantages of this practice being many. The rate of rise and 


fall of the track is usually fairly uniform and no steep hills are 
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encountered, thus allowing longer average sights to be taken and 
allowing the backsights and foresights to be easily kept of equal 
length. The rails furnish excellent supports for the levelling 
rods and thus the time is saved which would otherwise be con- 
sumed in putting artificial turning points into the ground, The 
masonry structures — bridges and culverts— situated along the 
railways are utilised for placing permanent bench marks ; this is 
of great advantage both to us and the railway companies. 
Again, the use of a hand-ear for going to and from work and for 
moving along from point to point during the day effects a great 
saving of time and labor, and the transportation of the camping 
outfit from camp to camp by freight is cheaper and more con- 
venient than the method by horse and wagon. Against these 
and many other advantages may be set the fact that the refrac- 
tion and boiling of the atmosphere in the heat of the bare ballast 
and rails of a track is worse than on a highway. Dodging fast 
trains coming through rock cuts and around curves, lends a spice 
of danger and excitement to the work which would not be found 
on a country highway. 

The levels of the Geodetic Survey in Ontario and Quebec 
have been started from a bench mark established by the United 
States Coast and Geodetic Survey at Rouse Point, N.Y. This 
bench mark is included in an elaborate net of precise levels and 
water transfers which are based on mean sea level at New York 
and its adjusted elevation is believed to be very close to the 
truth. At any rate it is the best available datum at present ; 
eventually the Geodetic Survey may havea mean sea level datum 
of its own, but this is something which requires several years of 
gaugings to determine accurately. 

From Rouse Point two lines of levels have been extended, 
one westerly through [Lacolle Junction, Coteau Junction, St. 
Polyearpe Junction, Kempton, Prescott, Hamilton, London and 
Chatham to Windsor, with a branch from Hamilton to St. 
Catharines and Bridgburg; the other line easterly through St 


Johns and Sherbrooke to the International Boundary 15 miles 


east of Megantic, Que.; branches have been extended from this 
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line to the International Boundary from Farnham, Foster, Sher- 
brooke and Lennoxville, and from Megantic to the St. Lawrence 
River at Levis via the Quebec Central Railway. A considerable 
amount of levelling has been done in New Brunswick and Nova 
Scotia ; starting from the town of St. Stephen, a line has been 
extended northerly to the St. Lawrence River at Rivicre du 
Loup, this line runs for most of its length within a short distance 
of the border of the State of Maine and branches have been con- 
nected at intervals so as to furnish accurate levels for the Inter- 
national Boundary Survey, Easterly from St. Stephen the line 
has been extended through St. John and Moncton and through 
Nova Scotia as far east as Mulgrave, on the Strait of Canso. 

All the elevations in the Maritime Provinces are based — 
provisionally —on a bench mark at St. Stephen, N.B., estab- 
lished by the United States Corps of Engineers ; connections 
have been made at Rivitre du Loup and Moncton with the pre- 
cise levels of the Public Works Department of Canada which 
have been carried from Montreal to Halifax via the Intercolonial 
Railway ; these levels are connected with the Rouse Point bench 
mark and also with mean sea level at Halifax. The fact that 
our levels agree very closely with theirs goes to show that the 
St. Stephen bench mark is very nearly correct and that the eleva- 
tions of our bench marks throughout the Maritime Provinces are 
very close to the truth and of far greater accuracy than is neces- 
sary for ordinary engineering and surveying purposes. Last 
summer a start was made at levelling along the Grand Trunk 
Pacific Railway from its junction with the Quebec Central Rail- 
way on the Megantic-Levis line to the town of Edmundston, 
N.B., on the St. Stephen-Rivitre du Loup line, a distance of 
some 230 miles through a very rough country. It is hoped that 
this link may be finished during the present season and then all 
the bench marks in the Maritime Provinces may be corrected by 
a small, constant quantity, which will reduce them to the same 
datum as those throughout Ontario and Quebec, and will form 


one net of levelling extending from the Maritime Provinces to 


Western Ontario. 
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In Western Ontario, two circuits, composed entirely of our 
own levelling, have been completed, and the excellent results — 
shown by the small clesing error— are a source of great satis- 
faction. As mentioned above, a main line of levels extends from 
Toronto to Windsor, along the Grand ‘Trunk Railway through 
Hamilton, London and Chatham; a branch line leaves this at 
Toronto and extends along the Canadian Pacific Railway to 
Owen Sound, thence southerly along the Grand ‘Trunk Railway 
through Palmerston, Listowel and Wingham to a connection 
with the main line at Hvde Park Junction, 4 miles west of Lon- 
don. Another line leaves the Owen Sound-Hyde Park line at 
Lucan Crossing, 15 miles north of Hyde Park Junction, and 
extends through Sarnia to Chatham, where a second connection 
is made with the main line. The new elevation found for the 
bench mark at Hvde Park Junction is 0°15 feet higher than the 
original elevation, and at Chatham 0°11 feet lower than the 
original. The length of the Toronto-Hvyde Park circuit is about 
136 miles and the leneth of the Toronto-Chatham circuit about 
595 miles so it may easily be seen that the levelling shows a high 
degree of precision in actual practice. 

In the spring of 1910 levelling was inaugurated in the West 
ern Provinces. To secure a sea level datum for this work it was 
found necessary to go to the town of Stephen, Minn., about 45 
miles south of the International Boundary at Emerson, Man. 
The precise levels of the United States Coast and Geodetic Sur- 
vey having been extended to this point, furnished what was 
desired. It was necessary to carry the levels through United 
States territory to the International Boundary at Emerson, the 
boundary was then followed to Gretna, a few miles west, and the 
railways parallelling the boundary followed westerly from that 
point. Asin the case of the Maine and Vermont boundaries, so 
here, branch lines have been run at convenient intervals for the 
benefit of the International Boundary Survey. The levelling, 
at the close of last season, had reached the village of Frobisher, 


Sask., about 27 miles east of Estevan, on the Canadian Pacific 


Railway 
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Returning to Ontario, the programme for the present 
season, includes running from Bolton on the Toronto-Owen 
Sound line, towards Sudbury via C.P.R., and it is hoped that 
this line will eventually be extended west to connect with the 
line mentioned above as running west from Emerson ; this will, 
however, be the work of several years owing to the great distance 
involved. 

From a consideration of the various routes outlined above, 
it will be seen that the general policy has been to extend main 
trunk lines of levels throughout the country at first, putting in 
branches where necessary for the immediate use of the Pound- 
ary Surveys or other public works ; as these lines are completed 
duplicate lines may be run and circuits of levelling closed. In 
selecting routes between terminal points it has been usual to 
follow the line which passes through the best settled country 
and includes the greater number of towns and cities ; though in 
a few cases this policy has been departed from in order to con- 
nect with outside bench marks or to avoid parallelling work 
which has been done by the Public Works Department, as in the 
case of the line between Coteau Junction, Que., and Prescott, 
Ont.; that Department had levelled from Ceteau to Cornwall, 
consequently, to avoid duplication, the levels of the Geodetic 
Survey were carried around by St. Polycarpe and Kempton, an 
extra distance of about 1‘) miles. 

The Public Works Department has conducted precise level- 
ling at intervals since 1883. During the vears 1904-05-06 a long 
line of levels, starting from the Rouse Point bench mark, was 
extended through Ottawa and Pembroke to North Bay, for use 
in the extensive survevs undertaken by the Department for the 
purpose of locating and determining the cost of the pr jected 
Georgian Bay Ship Canal ; this line was checked by a line from 
Toronto to North Bay, starting from a bench mark at Toronto 
which had been established by means of water transfers from 
Tibbett’s Point, N.Y., at the eastern end of Lake Ontario. 


Precise levelling was carried on by the International Bound 


ary Survey in connection with the survey of the I4Ist meridian, 
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the boundary between Canada and Alaska, in 1108-09-10 
Starting from White Pass, B.C., levels were carried along the 
White Pass and Yukon Railway to White Horse and thence by 
wagon road to Dawson and over the glacier trail to the 141st 
meridian : the total distance levelled was in the neighborhood ot 
500 miles, but this distance does not give a proper idea of the 
amount of labor involved, owing to the fact that most of the 
work was not on a railway track but on rough trails through an 
uncivilized country. 

The instruments and methods employed on this work were 
practically the same as those in use by the Geodetic Survey, 
modified when necessary to suit the different conditions under 


which the levelling was performed. 


BENCIL MARKS 

In the foregoing, mention has been made of the bench marks 
established : it will now be in order to say something of the 
nature of these —the only permanent field records of the work 
performed, 
¢ ‘The standard bench mark established by the Geodetic Sut 
vey, previous to the year 1908 consists of a copper bolt inch 
in diameter and 4 inches long, stamped on the end with the 
letters B. D. A. O.” (Bench Mark, Dominion Astronomi- 
cal Observatory). During 1908 and since then the standard 
bench mark has been a copper bolt 44 inch in diameter and 4 
inches long, stamped on the end with the letters 
B. M.”’ (Geodetic Survey of Canada, Bench Mark). In either 
case the bolt is sunk horizontally in rock or masonry, a hole 
being drilled of the exact size of the bolt or a shade larger and 
the latter hammered in till it completely fills the hole, the end 
being flush with the surface of the masonry or projecting slightly; 
properly put in, it is impossible for anyone to remove It without 
destroying the surrounding rock or masonry. After the exposed 
end has been planed to a smooth surface by means of a file it is 
stamped with a steel die containing the above m ntioned letters ; 


then a horizontal cross mark is made with a cold chisel, upon 
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which the elevation is taken ; finally a number is stamped with 
other steel dies. The question is often asked ‘* Why do you not 
indicate the elevation of the bench mark also?”’ In reply to 
this I would say that the elevation of a bench mark in a_ precise 
levelling net may never be finally determined ; the closing of 
circuits and introduction of new cross lines will always call for 
adjustments which will make changes of greater or less magni- 
tude in the elevations ; it would, therefore, be impossible to 
place more than an approximate figure upon it. Also the com- 
putation of the elevations from the field notes is a work of some 
magnitude and would delay the operations of the parties were it 
performed in the field, and is, therefore, left to be done in the 
office after the notes have all been carefully checked. I might 
say also that an engineer would not usually attempt to look for 
the bench marks haphazard, but would secure descriptions of 
their locations ; when getting these, the elevations can always 
be secured at the same time without difficulty. Bench marks 
are placed in the stone and concrete structures along the rail- 
wavs, sometimes in large boulders and in rock cuts, and when 
towns or cities are situated within a reasonable distance of the 
line. branch lines are run to them and bench marks placed in 
public buildings such as post offices, court houses and churches. 
Levellers are instructed to place bench marks at distances of 
three miles apart, or less. It has been found impossible, how- 
ever, in many cases, to secure good locations for bench marks at 
anything like this distance apart, so the expedient was adopted 
by us in Manitoba in 1910, and in this part of the country in 
1911, of building concrete piers, specially for bench marks. 

These piers are 6 feet 3 inches high, 9 inches square at the 

top and 15 inches squares at the bottom, resting on a 6 inch con- 
crete footing ; the whole pier is buried to within about 9 inches 
of the top and the copper plug built in, near the ground surface, 

having been previously stamped and numbered. The piers are 

usually built on the railway right-of-way, within 5 or 4 fect of 

one of the fences and on fairly level ground, where they will not 


be exposed to danger from future alterations in the railway 
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grade. The concrete consists of a mixture of one part cement, 
two parts sand and five parts gravel; the latter ingredients can 
often be secured by sifting the ballast on the track. Portable 
wooden forms are employed .which can be removed after the 
concrete has set and used over again; the total time consumed 
building a pier, including the excavating, removing the forms 
and back-filling, averages between one-half day and one day, 
probably nearer the latter. 

The piers are not built at any definite distance apart ; it is 
left to the discretion of the leveller to put them in where they 
appear to be necessary. 

Temporary bench marks are placed at intervals of 1 mile or 
thereabouts, they consist usually of spikes, driven horizontally 
into telegraph poles, and, as their designation implies, they are 
used only for convemence while the work is progressing ; they 
are not embodied in the final office records. 

The permanent bench marks above described are neat and 
unobtrusive, not likely to be discovered and defaced by unauthor 
ized persons, but easily found by anyone furnished with a 
description, and are, therefore, well adapted for use in a settled 
country like that in which most of the work of the Geodetic 
Survey has been carried on. 

For use along the Alaska Boundary, however, they were 
not considered suitable, owing to the absence of masonry struc- 
tures and for other reasons, so a different form of bench mark 
was employed, being a circular copper plate 4 inches in diameter 
with a stem at right angles to the plate and about 3 inches long; 
the plate was placed flat on top of a surface of rock, the stem 
being solidly cemented into a hole drilled for that purpose ; the 
elevation was taken on top of a knob at the centre of the plate. 
When suitable rock could not be found the copper plate was set 
on the top of an iron post which was firmly planted in the 
ground, projecting a short distance above the surface. Bench 
marks were put in at distances of 10 miles or thereabouts. 

The bench mark used by the Public Works Department is 


similar in form to that of the Geodetic Survey, but contains no 
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mark on its exposed surface but the cross mark upon which th¢ 
elevation is taken, the number of the bench mark is cut in large 


Roman numerals upon the masonry adjoining it. 
INSTRUMENTS 


‘The instrument adopted is a precise level very similar in 
desion to that used by the United States Coast and Geodetic 
Survey. It may be described as a modification of the engineer's 
Dumpy level, in that the telescope is firmly attached to its sup- 
ports and is not removable as in a wye level. The materials 
used are nickel-iron, an alloy consisting of 36 parts nickel and 
64 parts iron and nickel steel (or Invar) an alloy of the same 
proportions of nickel and steel. The latter alloy is used for the 
mountings of the level vial, for the collars, diaphragms, adjust- 
ing screws and any other parts required to retain their relative 
position as nearly as possible. The co efficient of expansion of 
these allovs — especially nickel-steel is exceedingly small. 

The instrument base is a single piece of hard and _ finely 
grained cast iron and is supported by the three levelling screws. 
‘The instrument centre is of unusual length and passes down 
through a hole in the tripod head, thus allowing the telescope to 
rest low down — near the tripod —and giving greater stability 
to the instrument when used ina wind. The telescope itself 1s 
completely enclosed in an outer tube in which it is allowed a 
small motion vertically ; it is supported at the object glass end 
by a horizontal pivot and at the other end rests on the point of a 
fine micrometer screw by means of which it may be raised or 
lowered by an exceedingly small amount. When the instrument 
is not in actual use and is being carried from station to station 
the telescope tube is lifted from the point of the micrometer 
screw by means of a small lever ; this keeps the telescope pressed 
tightly against the upper part of the casing and saves the point 
of the screw from wear. At the lower end of the screw a drum 
or micrometer head, subdivided by a hundred graduations, is 
provided. ‘The upper part of the outer casing has cast into ita 


rectangular opening with a framing surrounding it; a piece of 
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plate glass, fitted into this framing in grooves closes the opening 
against dust or air currents, but can be quickly removed, when 
necessary, for the purpose of adjusting the level. The tube con- 
taining the level vial is set within this opening, as close to the 
line of collimation as possible. This position of the vial has the 
advantage of protecting it, to a large degree, from sudden 
changes of temperature. A small rectangular mirror placed 
above and parallel to the level tube, reflects the bubble into two 
prisms placed in a tube immediately to the left of the telescope 
tube. By this means the observer is enabled to watch the action 
of the bubble with his left eve while reading the rod with his 
right eve ; that is, he can transfer his attention instantaneously 
from the one to the other. The level vial is constructed with a 
small chamber at one end communicating with the body of the 
vial by an opening at the edge of the tube; by tilting the instru- 
ment so as to raise one end of the vial the spirit can be caused to 
run to or from the chamber ; in this way the length of bubble 
used may be kept constant throughout the varying temperatures 
of the day or the season, This adds to the refinement of the 
work, as the grinding of the vial is more accurate near the centre 
and it is consequently not well to allow the bubble to lengthen 
out tod much. One division on the level vial has a value of 
about 2's seconds of arc. 

Three cross wires of fine spider web are placed in the 
diaphragm, in order that three readings of the rod may be made 
at each observation. ‘Two eve-pieces, of different powers of 
magnification, are provided ; the high power to be used under 
ordinary atmospheric conditions, and the low power when the 
trembling and boiling of the atmosphere, due to heat waves, is 
unusually severe. 

Great care has been expended on the construction of the rods 
used upon this work. They are built up of separate pieces of 
white pine giving a cross section in the form of a symmetrical 
cross so as to prevent bending and warping; they are boiled 
thoroughly in paraffin which tends to keep them of constant 


length under varying conditions of atmosphere and temperture. 
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Silver plugs are inserted in the face of the rod approximately at 
the three, six and nine foot points and the exact position of 
these points marked by a fine scratch on the face of the plug ; 
the rod is then subdivided into feet, tenths and hundredths in 
alternate white and black spaces of one one-hundredth of a foot. 
When observing the rod the readings are made to thousandths, 
the hundredth spaces being subdivided by estimation. As it is 
impossible to subdivide a black space accurately at the distance 
the rod is usually observed, two sets of graduations are placed, 
side by side, one on each side of the centre line of the rod, the 
white spaces of one adjoining the black spaces of the other ; 
thus the observer has always a white space to subdivide by read- 
ing on the right hand or the left hand set of graduation marks, 
as the case may be. The bottom of the rod is formed of a cast 
steel foot block with a hemispherical knob on the bottom, suit- 
able for holding on flat surfaces. 

Another piece of apparatus which can hardly be classed 
under the heading of instruments, but which is very necessary 
nevertheless, is a large carriage umbrella with a handle about 8 
feet long, provided with a spike at the end to insert in the 
ground. The umbrella is used whenever the sun is shining 
while observations are in progress to shade the instrument from 
its ravs ; without this the parts would become unequally heated 
and irregular and unreliable action of the bubble would follow. 

While carrving the instrument between sights a cover of 
duck or cravenette is used for the same purpose, tls also is used 
to protect it when working during a light rain ; ina heavy rain 


the work has been discontinued, 


FIELD OPERATIONS 

A precise levelling party consists of seven men, the observer, 

the recorder, umbrella man, two rod men, cock and a railway 
man, usually a section man or brakesman, to pilot the hand-car. 
Camps are made at the stations along the line, the distance apart 
of camps varying from ten to twenty miles according to the 


locations of towns and villages and to the cordition of the inter 
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vening track as to grades. The levelling is carried continuously 
forward, day by day, through the camp and to a point about 
half way to where the next camp ahead will be ; permanent and 
temporary bench marks being put in so as to divide the line into 
sections of one mile or less. From this point, backward levelling 
is commenced and carried along to the point where the iime was 
taken up, probably about half way from the previous camp, all 
bench marks being checked upon on the backward run, 

I will quote from the general instructions issued to levellers: 

‘All lines are to be levelled twice, in opposite directions, 
} 


called forward and backward levelling. Backward shall in every 


respect be independent of forward levelling and the same turn- 


points shall not be used. If the forward levelling is made 
rn 


inl 
in the forenoon, the backward over the same section should 


be made in the afternoon. In this respect the opposite condi- 
tions as to intensity of light are desirable, but the work must 
not be delaved for this purpose. ....... When a dis 


crepaney in the thread intervals, or any other error is discovered, 
even although the nature of the error may appear to be self- 
evident, the section involved must be re-levelled from the preced 
ing bench mark, and the word ‘‘ cancelled ”’ written across the 
pages of the level book containing the reading along the dis- 


} 


earded section. ‘The word ** re-levelling’’ should be written at 
the tops of all pages recording the new readings. 

‘The field books shall in every respect be self-evident 
records of the work on the ground. ‘The difference of elevation, 
as indicated by forward and backward levelling — between two 
permanent bench marks shall correspond within O-O1T YM, 
M” being the distance in miles between the benches. 

‘Tf the difference between a forward and a backward level- 
ling is greater than allowed, the section shall be levelled anew, 
poth forward and backward, until two measures within the limit 
of error are secured In this wav four, six or more measures 
are made, the mean of all being taken and the individual rest 


1 


duals determined Keject all those results whose residuals are 
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greater than 0015 ; then take a mean of the remaining measures 
for a final result.’’ 

This requirement that the discrepancy shall be within 0" 01% 
distance in miles has been adhered to as closely as possible 
throughout the work ; this means that for 1 mile the forward 
and backward shall correspond within 0017, for 4 miles within 
0-034. for 100 miles with 0170 and so on. Quite frequently 
the total discrepancy of a line shows a constant, and often 
unaccountable tendency to accumulate in one direction. Vari- 
ous precautions are used to guard against this. If, when read- 
ing from the successive instrument stations, or set up points, the 
rear rod were always read first, and the forward red last, any 
settlement of the level between the backsight and foresight would 
have a constant tendency to make the foresights too small in 
comparison with the backsights, and on the backward levelling 
this effect would be repeated, causing the discrepancy to 
accumulate rapidly ; this is obviated by reading on the rear 
rod first at one station and on the forward rod first at the 
next station so that any settlement at one will be counter- 


acted by the settlement at the next; this methed also has the 
advantage of eliminating the effect of a uniformly changing 
refraction in the atmosphere, such as usually occurs most notice 
ably in the early morning and late afternoon hours. It, of 
course, has the effect of holding back the progress of the work 
considerably, as at every second set up the leveller has to wait 
for the front rod man to rea ‘h his turning point, and afterwards 
wait for the rear rod man to overtake him before going forward 

these remarks are intended to apply where the levelling is 
carried along a railway track and a hand-car used between 
sights Hlowever, in precise levelling accuracy is the first con- 
sideration and speed is secondary. 

Another source of error would be a systematic rising or 
settling of the rod supports, this would have a similar effect to 
the movement of the level, and cannot be guarded against in the 
same wav, so it is essential that rod supports should he as solid 


and immovable as possib 


e: luckily, in running along a railway 
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the most solid supports are also the most convenient, namely the 
top of the rails. ‘The rod man holds the rod with its semi-cireu- 
lar knob on across made on top of the rail about one foot from 
the joint; this has been found by all levellers, I think, to be 
more satisfactory for a turning point than anything else ; upon 
a track in ordinary condition the passage of a train appears to 
have no effect, the rail may rise and fall an inch or more under 
the passage of the wheels, but careful comparison of the eleva- 
tion of the point with some solid point to one side, before and 
after a train has passed, shows that the rail returns to precisely 
the same elevation. Of course when the track has been freshly 
ballasted and is consequently likely to settle under a train, a 
turning point is taken to one side when a train is known to be 
approaching. When following a highway, as when running 
branch lines into a town, suitable steel pins, driven solidly into 
the ground, are used. The verticality of the rod whilst readings 
are in progress, is maintained by means of a small spirit level. 
With regard to rod supports I will quote from the 1907 report of 
Mr. J. F. Havford, Inspector of Geodetic Work of the United 
States Coast and Geodetic Survey. He says: ‘‘In August, 
1903, the experiment was made of using a point marked on the 
top of the rail of the railroad track as the rod support. The 
most prominent effect was to change the rate of accumulation ot 
discrepancy between the forward and backward lines. This is a 
clear confirmation of the theory that the accumulated discrepaney 
is due mainly to a systematic rising or settling of the rod suy 
ports. This theory is based upon the frequently observed fact 
that when a change is made in the method of rod support or in 
the habits of the rod man, a change is Hable to take place in the 
rate of accumulation of discrepancy between the forward and 
backward lines. 

‘The evidence showed clearly that the use of the rail for 
the rod support increased both the speed and accuracy of 
levelling, and the practice has been adopted in all Coast and 


(Geodetic Survey levelling since that time. 


Two uncertainties in connection with the method of rod 
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support will occur to anyerne who considers it carefully, namely 
the uncertainty as to whether the rod man holds the foot of the 
rod for both foresight and backsight on precisely the same point 
on the slightly rounding and sometimes inclined surface ot the 
top of the rail, and the uncertainty as to the recovery by the rail 
of its former elevation after a train has passed over it. 

‘The first of these uncertainties is very small provided the 
rod man is careful. No difficulty was found in marking the 
exact spot on the rail which was used in such a way, with chalk 
or keel, that the mark was recoverable, even after a train had 
passed over it 

Direct observations have indicated that, as a rule, the rail 
rises to sensibly its former elevation quickly after a train passes 
Doubtless there are exceptional cases. The best proof available 


that such cases are comparatively rare for tl 


he conditions under 
whieh the rail was used as a rod support, and that the systema- 
tic permanent settling of the rail was caused by the passage of a 
iely small, is furnished by the comparison given 
m1 \ppendix 6 Report for 1904 of the accuracy of the level- 
ling by each party before and after beginning the use of the rail 
is a rod support, and this has been confirmed by the good results 
obtained on later lines 

When a reading is to be made upon a permanent bencl 
tnark a chisel about one foot long and one inch wide, bevelled to 

flat edge at one end, is inserted in the cross mark in the end of 
the copper bolt, with the sharp edge at the top, that is, the 
upper surface of the chisel and the cross mark lie in the same 
horizontal plane, one man holds this chisel steady and maintains 
its horizontalitv by means of a hand level while the rod man 
rests the rod upon the top of it the same as he would upon the 
rail. 

Foresights and backsights of approximately equal length 
are used, so as to counteract the effects of refractions and curva 
ture, and of a possible lack of adjustment of the level; this 
equality is secured by having th rod man count the number of 


last turning point to the instrument an 1 from the 


ihe 
me 
i 


Precise Levelling in Canada 167 


instrument to the next turning point ; the instructions are that 
backsights and foresights should differ by not mere than thirty 
feet. 

At this point it will be necssary to say something about the 
programme of observation followed in the field, The observer 
sets up the instrument, levels it—as nearly as may be —by 
incans of the three levelling screws, then points it on one c1 
other of the rods and moves the object glass slide in or out till 
perfect definition of the rod is obtained, he then turns the drum 
of the micrometer screw which is under the eve end of the tele- 
scope to the left or right, as may be necessary, to bring the 
bubble exactly to the centre of its run, watching it carefully all 
the while with his left eve. He then makes the three rod read 
ings corresponding to the three cross wires as rapidly as possible, 
consistent with accuracy, still being careful to see that the bubble 
maintains its exact centre position ; these readings are recorded 
by the recorder and the thread interval between the first and 
second and between the second and third obtained by subtrac 
tion; if these do not correspond within a certain limit — fixed 
for the particular instrument atthe beginning cf the season by 
careful observation under the best conditions-— the readings are 
repeated until they do correspond ; the mean of the three read 
ings is used to ascertain the differences of level ; the use cf three 
readings usually shows up any mistake in reading feet or tenths 
which might be made in a single reading. The thread intervals 
obtained as above evidently will correspond to the length of 
sight, or in other words, the stadia method of obtaining dis 
tances 1s used; 1n a column headed ‘* Sum of Intervals’’ these 
thread intervals are summed continuously from a beneh mark, 
on the left hand page for the backsights and on the right hand 
for the foresights, this furnishes a ready means of equalizing the 
sights, if from any cause, they should become uneven, by setting 
the level behind or ahead — as the case may be —of the centre 
point between the rods; thus at the end of a section the 
backsights and foresights may be made as nearly equal 


desired. 
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When running up steep grades, the point read on the for- 
ward rod is much nearer the ground than that on rear red, con- 
sequently the effect of refraction, or boiling of the atmosphere, 
is to distort the foresight more than the backsight; by taking 
very short sights and thus keeping the line of sight away from 
the ground as much as possible, the effect is minimized but not 
by any means eliminated. The only way of doing the latter 
would be to wait for cool cloudy weather when there is no per- 
ceptible refraction. If one makes the forward levelling in such 
weather and the backward in a bright hot sun or vice versa the 
discrepancy is usually very noticeable; if both measures were 
made under the unfavorable conditions the results would show a 
good accordance, but both would be in error ; however, the error 
would be compensated for on the next down grade, provided the 
conditions were the same, so in the aggregate effect upon a line 
I think this class of error should not be classed as cumulative, 
the more so as in observing during a large number of days one 
will probably encounter good weather and bad weather combina- 
tious indiscriminately upon forward and backward running and 
upon up and down grades. My own experience has been that 
the grades have little effect as to causing the total discrepancy 
to accumulate. Atmospheric refraction affects the readings cn 
the levelling rods most noticeably in two ways :— Firstly, when 
the ground is being rapidly heated by the rays of the rising sun, 
the lowest stratum of air becomes in its turn heated by the 
ground and begins to flow upward ; this has the effect of making 
the readings appear to rise and fall vertically, and even to remain 
for a minute or so in quite abnormal positions ; such conditions 
are unsuitable for observations; secondly, when the air is 
bubbling the graduations on the rods appear to dance or vibrate; 
they are then difficult to subdivide, but no systematic error is to 
be feared 

The length of sight taken depends upon the atmospheric 
conditions ; under the influence of a bright sun, without any 
breeze, especially when following a cold night, the boiling 


of the atmosphere is so severe that the divisions on the rod often 
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cannot be subdivided with the proper degree of accuracy at a 
greater distance than 200 feet. Under average conditions sights 
vary from 500 to 560 feet ; on a very favorable day these may be 
lengthened to 500 or 550 feet or even more; with one of our 
Instruments having a particularly good object glass, sights of 
over 700 feet have been obtained. The observer is left to use 
his judgment as to the length of sight he shall use; if he 
attempts to read farther than he should, the thread intervals will 
become irregular and time will be lost in taking readings over : 
in any case the gain in speed in taking sights of over 450 feet or 
thereabouts is not very marked owing to the time lost in waiting 
for the rod men to catch up. 

The above remarks apply, naturally, to a level or almost 
level track ; on a two per cent. grade, sights of 200 feet could not 
safely be exceeded in the best of weather. 

Owing to these varying conditions it is very hard to sav 
what constitutes an average full day’s work ; probably it varies 
for an experienced leveller between seven-and eight miles 
levelled, that is, in one direction only In the course of a month, 
a few days and parts of days are lost from high winds and rain, 
and re-levelling and other causes of delay reduce the total mile 
age, so that about 65 miles of completed line (levelled both for 
ward and backward) is considered good progress.* ‘These are 
supposed to be average conditions and are greatly exceeded some 
times under exceptionally good conditions, over 12 miles have 
been done in a single day, and in one month 87 miles of level 
ling were completed. 

The amount of re-levelling required should not amount to 
more than 10 or 15 per cent. provided weather conditions are at 
all favorable 

This class of work is so dependent for speed and precision 


upon the weather that it is found necessary to discontinue it in 


the autumn when the weather gets cold and wind storms become 
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prevalent ; the usual season for work is from sometime in April 
till the end of October or the early part of November. 

When carrying the line of levels along the railways the 
elevation of the top of the rail is taken opposite each station 
house and at the diamond crossings of all intersecting railways ; 
these are tabulated in the office in a separate form of record from 
the bench marks and are useful as giving permanent records of 
the work in addition to those furnished by the bench marks; 
they are also very useful to the companies as they furnish a 
means of comparing their profiles with our levels without the 
necessity of making any actual connections on the ground as is 
usually necessary in the case of bench marks. 

The elevations furnished in this way are not in any degree 
precise, and are only calculated to the nearest tenth of a foot, 
but they furnish a very practical record, nevertheless, and are in 
demand by engineers and others. 

ADJUSTMENT OF INSTRUMENTS 

‘The collimation adjustment of the precise level is made ina 
manner very similar to that employed for the Dumpy level. 
Two solid points suitable for turning points are selected at, say, 
360 feet apart and the level set up and carefully levelled at a 
point half way between them. The readings on the rods are 
made, and by subtracting them the true difference in elevation is 
known, regardless of whether the instrument is in adjustment or 
not. It is then set up with the ocular directly over one of the 
points on which the rod was held and the distance from the point 
to the centre of the aperture of the ocular is measured with a 
steel tape. By adding to or subtracting from this the difference 
of elevation of the two points, the result will be the true reading 
upon the rod held on the other point. Upon making this read- 
ing, should it not be within 0°01 of the true reading, the micro- 
meter drum is to be turned till the centre wire intersects the 
proper point upon the rod as indicated by the true reading, then, 
hy turning the adjusting nut at one end of the level vial the 


bubble is brought again to the centre of its run and this adjust- 


ment is complete. 
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The line of collimation is made to revolve in a plane at right 
auzles to the vertical axis of the instrument as follows: the 
bubble is brought to the centre of its run, the telescope is turned 
180 degrees in azimuth, half the error — if any —is corrected by 
the micrometer screw and half by foot screws. For convenience 
the telescope may be placed so that the ocular is over one of the 
foot screws. The position of the zero of the micrometer drum 
—after this adjustment is made— should be noted and used 
when setting up the instrument at a station; the drum may be 
placed at this reading before using the foot screws for ‘‘ levelling 
up.’’ In this way this adjustment of the level will be kept 
constant. 

So well do the precise levels hold their adjustments that it 
is not necessary to adjust them more than once in several weeks, 
though the adjustment is tried at intervals to sce that itis all 
right. As the backsights and foresights are kept of equal 
length and no intermediate sights are evertaken, it 1s not a very 
serious matter if the level should be slightly out of adjustment 
in collimation, However, it is well to have it in adjustment, if 


only for convenience. 
ADJUSTMENT OF NETS OF LEVELLING 


When circuits of levelling are closed and when connecting 
links are run, it is obvious that new elevations will be obtained 
for bench marks at junction points, unless all work were pet 
formed with absolute accuracy, a condition which is, of course, 
never attained in practice. The question then arises ‘* How 
much change will be necessitated in the published elevations ot 
bench marks on the original lines of levelling ?*' I will again 
quote trom the 1907 report of Mr. J. F. Havford. He savs:— 
‘Tt is a great convenience to have fixed assigned elevations for 
bench marks — standard elevations so to speak —to which all 
other elevations in surrounding regions shall be referred, and to 
make no changes in these values unless necessary. livery 
change in the assigned elevations of the principal bench marks 


is liable to cause inconvenience to engineers outside the survey 
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in computations based upon these assigned elevations. On tl 
other hand, however Gesirable it may be to have fixed values for 
the elevations of the principal bench marks, and so to make no 
changes in these which have already been given to the public in 
print, it is not desirable to keep a value for an elevation un- 
changed, when later levelling gives a value differing from it 
ereatly which is determined with a higher degree of accuracy 
Therefore, it is never possible to adopt a final standard value for 
1¢ elevation of any bench mark unless it is positively known 
that no more precise levelling connected with the net will be 
done, or else that, if done, it will not be utilized to improve the 
existing assigned elevation ; for all new levelling, besides giving 
elevations for points not previously determined, affects, by its 
connections, many clevations in the net as already adjusted, the 
cflect being necessarily greater in the vicinity of the new level- 
ling than in regions more remote. But if all new levelling ts to 
be utilized to the fullest extent in securing elevations of the 
hest degree of accuracy in every part of the net, then when 


ever new levelling forming links in the net is secured, the whole 


net must be readjusted and the old adjusted elevations must be 


completely superseded by the new. 
Neither of the radical plans indicated above either to 


hold all old clevations without change and merely to fit new 


levelling to the old, or to supersede all old elevaticns by new 
ones, seems desireable. Buta conservative procedure, inter 
mediate between the two is possible 

“Tf, after a complete readjustment of the level net the 
change in the published elevation of any junctien point required 
by the new adjustment is very small, or in other words, eleva- 
tions from the old and new adjustments agree closely, it scems 
best to hold the elevations already published. Especially does 
it seem certain that whenever the change called for by the new 
vdjustment is much smaller than the uncertainties in the new 
¢ made So, also, when 


for anv link in the net the new adjustment gives a difference of 
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elevation far within the limits of uncertainty of the new adjusted 
difference, it seems that the old difference of elevation should be 
held without change, even though a constant correction to the 
elevations along the line is found to be necessary.’’ 

In India, where a system of levelling has been carried on 
since 1858S, a complete report has lately been published by the 
Great Triangulation Survey in which a thorough adjustment of 
all precise levelling up to 109 is made, by the method of least 
squares; before this publication, arbitrary methods of adjust 
ment were adopted, in most cases by giving infinite weight to 
the older lines and then fitting the mew levelling into the old. 
So great discrepancies arose, however, that a complete readjust 
ment, by a scientific method was found to be necessary. I will 
quote from this volume as follows : 

It is necessary to point out that in the future we shall 
have to relapse again into the arbitrary methods that we are 
denouncing and abandoning. In this volume the circuit errors 
will be adjusted and the heights of all bench marks erected 
between 1858S and 1909 will be fixed. Any level lines sub 
sequently observed will have to be fitted to the adjusted level net. 
The lines forming the level net will thus be accorded a greater 
weight than those observed subsequently to the reduction of the 
level net ; from a scientific point of view this is not quite satis 
factory, seeing that the future lines of levelling which should be 
more accurate than the old, will be subordinated. But we are 
in the same dilemma as our predecessors, and we cannot post 
| 


pone publication of results, or wait for a finality which is 


unattainable. Topegraphers and engineers, who make use of 


our bench marks, only ask us to eliminate contradictions and to 


provide them with accordant values of height, such as they can 


regard as final ; they deprecate frequent modificat 
turbances of values. 

“This volume will, therefore, furnish values of heights 
sufficiently reliable to serve all purposes fer, at least, half a 
century. In 1958 it will be open to our successors to reconside1 


the question and to readjust the level net of India. By tl 
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time there should be a second level net superimposed on the first ; 
the second will consist of all lines observed between 1908 and 
1958, and will be attached to new open coast tidal stations which 


been connected with the levelling network. The 


have not as yet 
second level net (1908-1958) will be a more scientific work than 
the present one (1558-1908). It will then be interesting to see 
what differences in value will occur in the heights of those bench 
marks that are common to both rets."’ 

In the adjustment of this Indian level net the weights 
assigned to the different lines were made proportional to the 
reciprocals of the lengths of the lines. ‘There were *6 lines of 
levels forming 2!) circuits, which were tied to mean sea level at ‘) 
points ; these tidal points were given infinite weight in the 
adjustment, and the elevations of all the junction points in the 
net were computed by the method of least squares. The correct 
elevation of the junction points and of the terminals of lines 
being given, the corrections to the observed heights of inter- 
mediate bench marks on the main lines were interpolated 
between the terminal points. In the interpolation cn any 
particular line the corrections were assumed to vary at a uniform 
rate along the line. For any branch line that terminated with- 
out a second connection with a main line or with sea level, a 
constant correction was applied throughout, cqual to the correc 
tion applied to the height of its junction point with the main 
line. 

The problem of making adjustments has not come up as yet 
with us in Canada, for, as was mentioned earlier in this paper, 
only two circuits of our own levelling have been closed — in 
Western Ontario — and they were only completed at the end of 
last season. It is satisfactory to note that there are no large 


errors of closure to be disposed of there. 


MEAN SEA LEVEL 


As all elevations are derived from mean sea level it is import- 


ant that this should be accurately determined and that the points 


selected should be such that the sea level at them will not be 
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affected by local influences. In this connection let me quote 
again from the report of the Great Triangulation Survey of 
India : — 

‘* The mean level of the sea is the zero or datum surface 
from which the elevations of the bench marks of India have 
been measured, In 1909 a selection had to be made of the tidal! 
observatories, which were to form the basis of the levelling net, 
and which were to furnish data for the determination of mean 
sea level. There were three alternative courses open, namely :— 

1. One reliable tidal observatory could have been chosen, 
and the height of the whole level net could have been based upon 
the mean sea level at this point ; or 


2. The values of mean sea level, derived from all tidal 
observatories connected with the level net, could have been 
introduced into the levelling adjustment ; or 


+. The results obtained from selected tidal observatories 
could be retained and those from other observatories rejected 

‘ The first alternative was not considered satisfactory. ‘The 
mean sea level at any point may be permanently influenced by 
winds and currents ; and the tidal observations may be affected 
by instrumental errors. At no station does the annual deter- 
mination of mean-sea-level reproduce the values obtained in 
former vears. As these uncertainties exist, it seemed inadvis- 
able to base the whole net upon the measurements at one port. 

‘The second alternative plan by which all tidal observa- 
tions were to be included, was investigated and rejected. The 
levelling operations have shown that the mean-sea-level in 
certain confined places, such as the Gulf of Cutch and the mouth 
of the Hooghly, is abnormal, and permanently deformed. At 
these points the mean water level differs from the mean surface 
of the open sea by amounts greater than the probable error of 
levelling, and it was considered incorrect to force the levelling 
into accord with the tidal determinations. 
‘So long as the error of a determination of mean-sea-level 


is clearly larger than the error accumulated in the levelling, the 
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rejection of the tidal result may be considered advisable. Put in 
the case of some tidal observatories the evidence is very doubtful 
The selection or rejection of tidal stations then becomes a difh 
cult question, and one that can only be settled arbitrarily. It 
must be remembered that the tidal stations are required to form 
the foundations of the levelling net, that they are expected in 
fact to give to the levelling in their respective localities more 
reliable values of height than the levelling can bring from any 
distant tidal observatory. It is futile then to endeavor to test 
their reliability by means of levelling results, which they them- 
selves are intended to control. We must either accept the one 
or the other as the more correct ; we cannot utilize each in turn 
as the test of the other. 

‘Tf the observed difference of elevation between the mean- 
s2a-level at different ports, connected by levelling, is consider- 
ably greater than the error to which levelling 1s ordinarily 
liable. it may be assumed that the two sea levels do not belong 
to the same level surface. But no definite conclusions can be 
drawn, when the observed difference of elevation is very small ; 
in such a case the two sea levels have not been proved to belong 
to one level surface. The accordance of results may be tor- 
tuitous and due to the error of the levelling having the same 
sign and effect as the actual difference of sea levels, or to the 
levelling errors having a tendency to cancel the errors of tidal 
measurements. 

“The selection of tidal observatories on which to base the 
levelling net, has been, therefore, governed by general principles, 
and not by any observed accordance of results. It has been 
decided, firstly, to select open-coast stations, at which successive 
annual determinations of mean-sea-level have proved accordant, 
and secondly, to reject tidal observatories situated in channels, 
gulfs, creeks or rivers, and those at which annual determinations 
of mean-sea-level appeared discordant. 

‘The variations of mean-sea-level.— When we refer to vari 
ations of mean-sea-level we mean always variations relative to 


the level of the land surface. The movements of the earth’s 
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crust are of two descriptions —the gradual and the sudden ; 
there are, firstly, the slow imperceptible elevations and sub 
sidences of possible immense areas, and, secondly, the sudden 
changes caused by earthquakes. 

‘The branch line of levels from Saharanpur to Mussooree 
is the only line in India that has, so far as we know, been 
disturbed by an earthquake. We have, moreover, no evi 
dence that any of our bench marks have been disturbed by slow 
gradual movements of the earth’s crust; ....... We 
have the annual determination of mean-sea-level made at nine 
different tidal observatories, and we have been unable to de 
tect in them any tendency to constant change in one direction, 
The mean-sea-level has been shown, it is true, to vary annually, 
but it seems to oscillate from vear to year about one mean 
position,’’ 

These conclusions will have to be taken into consideration 
when determining upon a mean-sea-level datum for the Geodeti: 
Survey of Canada, if it is decided to abandon that of New York, 


which we take up at Rouse Point. 


PROGRESS AND PUBLICATION OF RESULTS 


Levelling operations are at present being carried on vigor 


ously by this Department; during the last two seasons three 
completely equipped parties have been in the field, in 1910, S12 
miles of completed levelling was accomplished and during 111, 
S83 miles. The total amount to date is 2627 miles, that is to 
sav, this distance has been run forward and the same distance 
backward, no account being taken of the additional re-levelling 
done. 

Seven hundred and forty-eight bench marks (all of the cop 
per bolt variety described above) have been established since thi 
beginning of the work, this number does not include any that 
are known to have been since destroved, but only those actually 
in existence and connected to the lines of levels. 

The question of publishing the results of the work for the 


benefit of the public was not taken up till about the beginning of 
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last year, as it was desired to have the work on a sound basis 
and to have some connection with other datums before doing so. 
The Chief Astronomer’s Report for 1910, now in course of pre 
paration, contains the complete descriptions and elevations of 
bench marks and rail levels at stations for some S40 miles in 
Ontario, Quebec and New Brunswick, and the 1911 Report will 
probably contain additional results to the amount of 850 miles 
or thereabouts. 


DOMINION OBSERVATORY, 


OTrawa, CANADA. 
February 23, 1912. 
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A LONG-PERIOD SPECTROSCOPIC BINARY 
By W. EF. TIARPER 


HE second magnitude star y Geminorum (6% 6 = 4+ 

16° 2”) has been under observation here since the autumn 
of 1906. Its radial veiocity had previously been investigated by 
Campbell, Frost and Slipher in the vears from 1899 to 1905 and 
it was also one of the stars which Vogel used at Potsdam when 
the photographic plate was first applied to work of this nature 
in ISSS. When we consider that the two plates sccured by 
Vogel which are used in this paper were made at the very begin- 
ning of radial velocity work the residuals of 1°5 km. for each are 
very small. Although a few more measures were made at Pots- 
dam they are not used, for the reason that only the //, line on 
each was measured, and consequently the same reliance could not 
be placed upon them as on plates where many lines were 
measured. 

Of the four Lick observations two were made in 15‘), one 
in 1904 and one in 1905. The 1904 plate showed variability in 
velocity and the star was announced as a spectroscopic binary in 
the Astrophysical Journal for March, 1905. The Yerkes Observa 
tory made three plates in 1901 which showed no variation in 
velocity and one in 1904 which did. The Lowell Observatory 
have a plate in each of 102 and 1905 and four in 1905. As the 
1905 plates were all made within a month and are only approxi- 
miate results, they can not be considered as better than two 
definite measures. For some reason the 1902 plate does not agree 
with our curve there being a residual of 9 km. in a well defined 
part of the curve, while the 1903 plate has a residual of 3 or 4 
km., but in a part of the curve which is not so well defined and 
which will require more observations to fillupthe gap. As none 


of the other plates used gave residuals greater than 2 km. these 
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two plates were excluded from the final determination of the 
orbit. Just at this point it may be stated that Slipher, using the 
data just outlined, which is given in the table of ‘ Karly 
Measures,’ discussed the star’s variable velocity in Astrephy sical 
Journal, Vol. XXII1., page 84, and suggested for it a period of 
three and one-half years. The observational data was, however, 
entirely too meagre, I think, to bear out any suggested period, 
The period herein determined, approximately six years, is no 
multiple of that suggested by Slipher and the writer feels that 
though the number of observations is greatly increased they are 
yet too few to make a rigid determination of the elements. 
Those given here suit the observations remarkably well however. 

Twenty plates were made here with the Universal three- 
prism spectrograph from December, 106, to April, 1907. These 
were measured and reduced by the writer, using the long inter- 
polation method of Hartmann. As twenty or more star lines on 
each were measured, a considerable amount of labor was thus 
expended on them. This work availed little so far as the star 
Itself was concerned, but, possibly, helped to show that some 
instrumental errors had not yet been overcome and a new spec- 
trograph was accordingly designed for radial Velocity work alone. 
The plates with the Universal instrument have, therefore, not 
been used in this discussion. 

The new three-prism spectrograph, III, was ready in May, 
1907, and spectrograms of the star were again made. During 
the season of 1910 the spectrograph was changed quite frequently, 
as a short form of camera was being experimented on, and no 
plates with the long focus camera were made. ‘There were made. 
however, two with camera designated III S and one with camera 
designated IIT R, but as the dispersion of these was only about 
one half as great as tiie III 1, they could not be considered by 
any means as reliable as the other, and hence they have not been 
used. It is unfortunate that a continued series of plates with 
III I, were not made that season as they would fall around the 
maximum of the curve and round out an otherwise incomplete 


I 
set. The plates then that are used in this discussion were all 
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made with spectrograph III L, whose linear dispersion at A) 
is 10°1 tenth-metres per millimetre. The measures of these 
are given in the table. Quite a number of these results are the 
means of two measures. Nearly all the plates were measured 
by the writer, but independent measures were made on several 
by other observers, Messrs. Westland, Cannon and Parker, and 
there was good agreement in the results obtained The phases 
are reckoned from the corrected value of periastron passage, 


Julian Day 2,410,101°6, using the period 2175 days. 


EARLY MEASURES 


Observatory Date Julian Date Phase Velocity W Residu: 
Assigned 

Pots'lam Dec. 14 2,410,9S50°5 7 $06 0.5 
Potsdam ISSy, Jan 6 1,009°5 14°2 y 

Lick 1899, Sept. 21 $.910°9 468° 3 15°4 I 
Lick Oct. 24 4,952°9 I 
Yerkes 1901, Nov. 15 5,704°5 12532 15°4 
Verkes Nov. 20 1253°2 14°90 + 
Verkes Nov. 27 5:710°S 1265°2 I 
Lick 1904, Jan. 27 6,507°S 2056°2 4°7 I + O'l 
Yerkes De 6 6,821°S 195°2 8-7 I 
Lick 1905, Feb. 13 6.890°7 264°1 10°4 I + O72 
Lowell 1905, Mar. 10 6,915°7) 4? 
Lowell Mar. 2 6.925°7 294 12° 
Lowell Apr. 6 6,942°0) 
Lowe ll Apr. 13 2,416,949°6 11°dS 4 


| 
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OTTAWA MEASURES OF y GEMINORUM 


Plate Date Julian Date Phare Ve'ocity Wt. Residual 
Lines 
1099) «1907, Oct. 5 2,417,.557°9 | — 13 I 
235 1908, Jan. 22 7,903°5 14°7 16 I 
1293 Jan. 27 1342°2 15°5 17 I 
1305 Jan. 29 7.9705 1344°2 13'S iO I 
1330 Keb. 17 7,959°5 1363°2 160°9 17 I 
1307 Keb. 28 $,000°7 13741 15 I 
1453 \pr. 3 $,035°7 15°95 15 od 
Sept. 7 S,192°9 1506°3 12°6 10 "5 
2074 Dec. 23 1673°1 10°4 14 
2208 1909, Jan. 30 12°9 16 I 
2281 17 7 1729.1 rig 14 
2287 20 17 32°1 11 I o's 
395 Mar. 20 7 15 I 0'7 
1 Igit Ja 25 9,005°S 13 1 o> 
24 10 390°9 589°3 15°2 13 
153 2,419,441°5 640°2 16°3 15 


The spectrum is of the Sirtan type, having many fine metallic 
lines of iron and titanium as well as the hydrogen series. The 


following table contains the lines most frequently mezsured. 


LINES IN y GEMINORUM 


I 1 Wave-l rt I ent \\ I 
he 4584 015 
ri $572°150 $443°970 
Vi $56 3°O39 be 4404°9Q27 
Cr 4558°S27 4395 °25¢ 
ke C1 4550°202 Cr-M $352°000 
he-Ti 1549°7' 4340°O34 
ri 15347139 re $525 039 
Vi Ti +3 211 
Vi 42094°240 
$233°325 
Mg. 


It has been the writer's custom for scme time past to cbtait 


wave-lengths for each star by itself, making the sum of the 
velocity residuals equal to zero. In the case of this star a sum- 


mary of the residuals given by each line from the velocity 
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accepted for the plate shows that some slight changes might be 
made in the wave-lengths and better agreement secured among 
the lines themselves. The revised velocities would not be 
materially different, as the differences in the long run would tend 
to balance one another, and the procedure has not been carried 
out. A sample of the residuals is given in the accompanying 
table for the nine lines most frequently used, the order indicat- 


ing the frequency of measurement. 


RESIDUALS FROM JINES 


Avera \verage \ 
I Numerica i I imerica Aigebr 

R | Resid Resid 
540 2°3 o's 4522 2°7 
1451 $501 2°2 
1534 5"! 74305 
$35 2°9 o's $505 
$505 


A plot of our own observations seemed to indicate a period 
| ] 


of about six vears. The early observations were now brought 


forward using periods of 2270, 2200 and 2160 days. The latter 
seemed to suit the reliable observations, best and it was accord 


ingly used. Graphical values for the elements were obtained in 


the usual way. 


P = 2160 days 


0 Preliminary 
A 6°5 kim. Elements 

12°2, km. 


T= J. D. 2,410,055°0 


Although, as previously stated, there was a gap in the curve 
requiring further observations to fill up, yet it seemed desirable 
to make a least squares solution of all the dependable measures to 
date. For purposes of grouping, the very early observations at 


Potsdam were weighted one-half as were also the Lowell approxi 


‘mate measuress, while all others including our own were 


each 


1 
| 
| 
| 
} 
= 
| 
| 
| 


1S4 £. flarfer 


weighted unity. Inthe Table of Normal Places groups 1-‘) 


inclusive represent our own observations, groups 10-16 those of 


other observatories. 


TABLE OF NORMAL PLACES 


I 1394°7 15°30 2 “43 1254°1 24 
1453°5 14°05 ‘74 13435 2 5 
1479°2 2 “44 1305°O 6S 
15953 14°05 2 07 1457 °7 12 
ISo2°7 11°65 2 §2 
2 35 17 30°06 
7 1S70°7 9°50 I 15 1700°1 71 
740°3 13°75 2 "OF 
gb2°0 I ‘29 Sgo'4 “35 
55074 15°25 2 "SS $54°5 ‘75 
12 1354°5 15°57 3 "30 1258"9 i2 
13 2151'S 4°7 I 2056°2 ‘II 
14 340°2 9°55 2 1°24 "21 
15 $04°7 11°50 I 52 20471 21 


Observation equations using the differential form of Leh- 
mann-Filhés were built up and transformed into normals from 


which the following corrections were obtained. 


— ‘Ol km. 
“$8 km. 
52 

+ 10°0 days 
67 + 65°6 days. 


Using the corrected value of the period, 2175 days, the 
oservations were again grouped as in column 6 of the table, and 
residuals obtained which were in general smaller than the pre- 
vious ones. The value for Sfrvv for the preliminary elements 
was 11:1 and for the corrected elements 4°7. Using all the 
measures the probable error of a plate obtained from the last two 
columns of the measures is + 0959 km. per sec. This is 


extremely small for a star of this type when we consider that 
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the plates were secured by five different equipments, and one 
cannot but feel that the good agreement is somewhat of a chance 
result. This is all the more likely when we note the probable 
errors of the determined quantities which appear with the 
corrected values of the elements. Some of them are of consider- 
able magnitude, and it will be necessary to obtain more measures 
after a few vears to fill up the gap at the maximum of the curve. 


The elements as corrected, with probable errors, are as follows: 


P= + 22°35 days 
“IOS ‘O26 | 
wo = 16°°31 + 6°°16 | 
= 6:12 koi. “28 km. | 
orrectes 

y 12°28 km. + kim. 

Elements 
Al kim. 


2 4°37 km. 
T J.D. 2,410,101-6 96-81 km. | 


asin? 174,720,000 kin. | 


This star is unique in being one of the longest period 
binaries known. With the exception of a Orionis, a late solar 
tvpe star, which has recently been shown* to have a_ period 
approximately the same, but whose orbital elements have not been 
definitely determined, no other spectroscopic binary has nearly 
such a long period. The other binaries of this type have periods 
ranging from a fraction of a day up to one hundred days. In 
the case of Sirius the period is 4 years, but it was not from 
spectroscopic but from visual observations that this was deter- 
mined, 

The periods of visual binaries in general are very large 
when compared with those of spectroscopic binaries but there are 
some with relatively short periods. Thus we have 

k Pegasi 11°57 years, 
13 Ceti 7°42 years, 


6Equulei 5°70 years, 


* A. N. 4467. 
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the last one of these has a shorter period than the star 
under consideration. So that we may say of y Geminorum that 
it bridges over the gap between the periods of the longest spec- 
troscopic and the shortest visual binary. 

‘The plates were all of Seed 27 emulsion. One fine grained 
plate has since been made, but on none does a second spectrum 
show. The companion star would, of course, need to be of small 
mass relatively to the principal star in order that there might be 
sufficient separation of the lines to be resolved on our plates. 


Possibly near the time of next periastron passage, which occurs 


VELOCITY CURVE OF y GEMINORUM 
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at the beginning of 1916, some high dispersion equipment may 
record the fainter component spectrum. If the star should prove 
to be a visual binary, and we combined the spectrographic 
measures of the relative velocity of the two components in the 
line of sight with the orbit data from micrometric measures, we 
would have an indirect means of determining the parallax of the 
star. So far as is known to the writer no values of the parallax 
of this star by any method have been published. 

The curve shown represents the elements as corrected. The 
plain circles represent our own observations grouped, while the 
circles with dark centres the grouped measures of other obser- 
vatories. 

It is with some hesitation that the foregoing elements are 
submitted. Owing to the paucity of observations around the 
peak of the curve we cannot regard these elements as definite, 
but they can be regarded, I think, as fairly approximate. It is 
just possible that this discussion may result in some unpublished 
measures of this star’s radial velocity being brought to light. 

A good share of the credit for this determination of the 
orbital elements should be given to those observatories who made 
the early observations, without which our own measures would 


be inadequate. 


DOMINION OBSERVATORY, 


OTTAWA, CANADA, 
April, 1912, 


ORBIT OF € PERSEI FROM THE H AND K LINES 


€ PERSE TI is one of those stars in which the velocities given 
by the H and K lines of calcium differ greatly from those from 
the broad lines of hydrogen and helium. The spectrum is 
placed by Miss Cannon in the Oe 5 Belass. The lines showing 
are those of hydrogen, helium and calcium. <A few iron lines 
appear, but not with sufficient frequency to make them useful for 
measurement. The hydrogen and helium lines are very broad 
and ill-defined, the latter lines especially being very poor. The 
calcium lines are fairly good, sometimes both being easily 
measurable, sometimes only one and in some cases neither 
appears sufficiently defined to make measurement possible. 

The first published measures of this star appeared in As/ro- 
physical Journal, Vol, XVIII, p. 353, 1903, five measures being 
given of the broad lines in an article by Professor Frost under 
the heading —‘‘ An Orion Star of Great Radial Velocity.’’ 
The range —9 kilometres — was not considered sufficient ground 
to pronounce it a binary. Later in Astrophysical Journal, Vol. 
XXIX., p. 236, 1909, Professor Frost announced another 
measure of this star giving a range of 3O kilometres. In tha 
note he remarked that the H and K lines have a moderate posi- 
tive velocity with a range of about 25 kilometres, these lines 
differing greatly in the velocities shown from the values derived 
from the broad lines, 

Observations on the star were first made here in 1908, a few 
plates being taken. It was then dropped from the observing 
list until 1910, and plates were taken in the seasons of 1910-11 
and 1911-12. Although the broad lines were measured at first, 
—whiere measurement was possible,— as well as H and kK, it 


was not felt that these diffuse lines would be of any aid in ascer 
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taining anything in regard to the orbit of the star, and attention 
was given almost exclusively to the H and K lines of calcium. 
These lines were not always found on the plates, but generally 
one or other of them was well enough defined to be measured. 
Of the 1908 plates only two gave measures of K which were con- 
sidered reliable. Of the later plates — 1910-11-12, 41 plates 
were good enough to be useful in the determination of the orbit. 
The later plates were all Seed 25 and were much better than the 
earlier ones of Seed 27, although the fine-grained plate did not 
serve to make the broad lines measurable. As stated above, 
these broad lines were measured at first. An attempt was also 
made to get measures on thie members of the second series of 
hydrogen with a view to determining the wave-lengths of these 
lines in this star, but the utter impossibility of anything definite 
in this regard led to the abandonment of the attempt. 


or 


The wave-lengths used for Hand K were 3968°625 and 
3933°825 respectively. K was, with very few exceptions, 
stronger than H. Some plates were found in which H and 
K gave widely different results. In such a case, if the lines were 
equally good, the plate was left out of consideration : if one was 
much better than the other that line was used. 

Great aid was given in the work by the use of Yerkes 
measures of ten plates kindly sent me by Professor Frost, and of 
nine more plates loaned by Professor Frost and measured by me. 
As acheck on the measures of a plate — here and at Yerkes,— 
two plates --I B 141 and I B 402,— were measured at both 
places. On one of these, I B 402, the measures were practically 
the same, but on the other — not too well-defined — a difference 
of ten kilometres was found. Of the nine plates taken at Yerkes 
and measured here, unfortunately four of them gave H and K 
differing considerably, while one of them gave only H measur- 
able. Otherwise the Yerkes plates fit the accepted curve as well 
as can be expected from a spectrum which gives only one and at 
most two lines on which to base results. 

Table I. gives Ottawa Observations; Table II. Yerkes 


Observations. 
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Plate 


1974 
1999 


4050 
4067 
4552 
4934 
4645 
4070 
4055 
4715 
$729 
4735 
4745 
4755) 
$759) 
4779 
yS19 
4525 
4531 
1533 
4539 
$543 
4549 
$553 
4858 
4869 
4574 


J. B. Cannon 


TABLE I.— OTTAWA OBSERVATIONS 


Julian Day 


2,418,266" 
250° 


957°. 


964" 


oid 


022° 
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Remarks 


= 
4620 +180 43 4°7 
3740 |o° + 10° XW 
7 3795 + 49) 3 5% 
3777 or 6 +1670 13 0°3 
3817 oI + 36°0 H&k +13°8 
3861 +22°0 I} H&k + O'2 
3881 K + 1°0 
3915 + 7°5| 14 
3921 | +360 1 KK + 
3957 0§5°57 | 0'952, + 4 K 
3962 056°58 4 1} 9 
3991 079 4°0S3, +1 1 K ‘oO 
102 O° tI 4 IK ‘2 
322 I iN 
390° 00 + t 
396°70 I + 
412°§0 | +168) 7 kK 4 
414°60 +18°5 | 1 Ix 
421 62 43 +210, 13 kK - 
42896 33 | +35°0! IN 
434 33 +21°8 14 
44352 93 +21°2| } K 
446 652 + 773 
447 | 653 +21°6 tf HX + 
4534 +14°0 If HAXkK + 
456 I iN 0 
401 ‘763 +21°6, + 
oF 407 ‘$22 +14°2 iN + 
408 813° +156) 3 - §°2 
4 x 
> 
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TABLE II.—€ PERSEI, YERKES PLATES 


MEASURED AT YERKES 


Plate Julian Day Phase Vel. Wt. Lines Residual Remarks 

Ib 

101 2,416,334°86 6°371 + 23 + 4°5 

lig 404°3I  5°408 + 29 

141 411°78 5°487 + 6 16°6 Cannon’s measure + 
179 426°79 6°595 + 10 |16°0 Residual - 6°6. 
203 450°66 2°661 + 23 +11°4 

232 470°50 0°097 10 

304 586°60 67532 24 

402 754°93 1°087 + 2 Ol 

405 845°56 1°354 12 + 4°53 

S21 7,:433°89 5 SCO 23 


MEASURED BY CANNON 


Plate Julian Day Phase Vel. Wt. Lines Residual Remarks 
IB 

550 2,417,408°g0 6°055 + 14°5 } 6°O 

$79 490°S4 | 6201 + 4°5 } 150 

935 §80°56 | 6°499 H&K | + 08 

1199 «1°758 } iN $°3 & K differ 
1208 $67°75 | 1°747 K 13°77 IE & K difter 
1216 $69°76 | 3 757 H&kh 45 

1260 g10°68 | 2°y7I 3°4 9°9 only 

1289 926°58  4°969 79 «1 15°3 His highly + ve 
1350 g6I 51 | 5°144 +18°6O I k 4°0 H[ is much more + ve 


The period finally decided on after a great many trials was 
6951 days. There are some fairly large residuals but the 
probable error of an average plate is + 36, and that is very satis- 
factory when one considers that many values are dependent on 
one line which is not always very well defined. 

The observations were grouped into eleven normals which 
appear in Table III. (The phases are from the final T). 
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TABLE III. 


No. Julian Day Phase Vel. Wt. Residual 
I 2,419, 342°355 3°593 19°42 3 o*lg 
2 2,419,040°51 4°550 22°42 I + O'IQ 
3 347°99 5°123 I 
4 349°25 21°05 2 0°98 
5 41°60 + 24°96 2 3°26 
6 052°24 6°433 + 17°36 1°5 - o'62 
7 8,958°36 0°472 S‘2 I - 2°57 
5 9, 300°21 1°322 12°23 I 4°65 
9 128°76 6°44 2 1°45 
10 302°20 2°412 9°50 0°44 
307°68 2°942 + 13°95 1°5 0°85 


Preliminary elements for the orbit follow :— 


Period 6°951 days 
"4 
180° 
K 7759 km. 
T 418,249°349 J. D. 
y + 15°92 km. 


Observation equations were formed and normal equations 
from them, and a solution put through with the object of getting 
a closer approximation to the true orbit. This resulted in cor- 


rections to the elements as follows :— 


by — ‘52 

6A “OO 

- ‘ll 
bw —22°°47 

67 “4916 days. 


There is one peculiarity about these corrections, 6¢ has the 
value - ‘ll whereas the preliminary value is only ‘1. This 
would seem to indicate that the orbit is circular and » indeter- 
minate. This will be further seen from the oscillations in the 
value of » in the following operations, New preliminary values 


were taken in which 


is 
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e = ‘05 

w = 60° 

K = 7°75 km. 

T = 2,418,247 J... D: 
y = 15°06 km. 


It might be stated here that the value of & fvv was reduced 
by the solution, the corrected ¢ being taken as zero, from 74°7 
to 73°2. With the new preliminaries the value was 72°5. It 
was apparent that any solution would fail to make much reduction 
in the value of = fvv the signs being well distributed in the resi- 
duals. However a least-squares solution was made with the new 


oreliminary values. ‘The resulting corrections were as follows :— 


= + 54 km. 
8K = + ‘(12 km. 
= + 

6 w = + 81°°S80 


8 7 = + 1°511 days, 
whence we obtain the new values — 
y 15°40 km. 
km. 
‘O72 
w 141°°S0 
= 2,418,249 118 J. D 


It is rather strange that ¢ and » should have come back to 


so nearly the original value. % fvv was reduced from 72°5 to 
69°5. The agreement between computed and observation 


equation residuals was bad and a third solution was made for the 
sake of completion. ‘The corrections found were : 


by ‘OO km. 
8K ‘OO km. 
O88 

- 42°-62 

7= ‘810 days, 


¥ 
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and hence the final elements — 
P = 6°951 days. 
AK = 7°87 km. 
y = 15°40 km. 
w = 99°°-18 
T = 2,418,248°308 
A summary follows showing results of the various solutions 
made in the determination. The probable errors of the elements 


are added in the last column. 


VELOCITY CURVE OF € PERSEI 
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After the completion of the orbit-determination from the 
calcium lines, the results from the broad lines were reviewed. 
The diffuseness of the lines, however, and consequent uncertainty 
of the measures from them made it quite impossible to secure 
any reliable information from them. Some information in regard 
to these lines would have been very interesting, but it seems that 
so far we must be content with the one fact which seems assured 
—the broad lines show a much higher positive velocity than the 
H and K lines. 

In conclusion I wish tothank Dr. King for the interest he 
has shown during the progress of this work. 

DOMINION OBSERVATORY, 
OTTAWA, CANADA 
June, 1912 
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MEETINGS OF THE SOCIETY 


AT ToRONTO. 


Vay 14.— The meeting was held in the Society's Rooms, 
198 College Street, at S p.m. 

Professor G. R. Anderson gave the lecture of the evening on 
‘The Scientific Application of Photography.” 

The lecturer first gave a sketch of the early history ot 
photography. Then he gave an instance of optical illusion 
Zollner lines) showing the advantage of photography over 
direct observation in astronomy. Other advantages were enumer 
ated. Several astronomical photographs were shown to exhibit 
the advantages secured by long exposure in the revelation of 
faint detail. Then followed the application of photography to 
physical processes, ¢. g., photography of a moving bullet, and 


the analysis of sound waves. Next the question of spectrum 


photography was discussed, pictures of spectra being shown 

and the production of spectra, continuous, and discontinuous 
was explained, mention being m ide of the significance of absorp 
tion lines in the spectrum of sunlight. Illustrations were also 
given of X-ray photographs, of lightning flashes, and of micro 
photographs. Many other interesting applications were given 
ll being illustrated by admirable lantern slides. 


May 28.—The meeting was held in the Society’s Rooms at 
19S College Street, at S p.m. 
Mr. E. Willems, 3 Moss Park, Toronto, and Mr. F. Hooker 


3? Sinclair St.. Toronto, were elected members of the Scciety 
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Mr. Mason and Mr. Barker suggested that the Scciety com- 
municate with the Young Peoples Societies of the City with the 
object of having them take an interest in Astronemy. ‘This 
matter will be taken up in the autumn. 

Moved by Mr. Collins, seconded by Dr. Wunder that the 
next meeting be an open-air meeting to be held on Tuesday, 
June 4th. 

Mr. J. R. Collins gave a paper on “‘ Summer Constellations 
He first explained the method of determining the position of a 
star, and the meaning of right ascension, and declination, In 
vetting the general position of constellations, Ursa Major, Ursa 
Minor and Cassiopeia were used as reference positions. Several 
of the constellations were described, and with the aid of diagrams 
and slides, the motions of the planets, and the positions of the 
constellations at different seasons were made clear. 

L. G. 
Ar OTTAWA 

May g. at the Dominion Observatory, at 3 p.m.—Dr. R. E. 
DelLury gave a paper on ‘' The Solar Rotation."’ This paper 
was closely connected with a paper on the same subject by Mr. 
J. S. Plaskett, given December 7, 1911. As Mr. Plaskett's 
paper had explained fully the methods of observation followed 

ind described, the instrumental equipment employed and the 
precautions necessary to obtain accurate values, Dr. Delury 
only outlined briefly these particulars and then devoted his time 
to the discussion of results. 

Sixteen plates, having the rotation effects from seven differ- 
ent latitudes of the sun on each, had been measured by Dr. 
DeLury with a view to throwing light on the following questions: 

1. What is the law of variation of rotation with changing 
latitude ? 


2 Is there any periodical variation in the solar rotation ? 


2) Do different elements rotate at different rates ? 


accurate answers can be given to these questions all 


errors must be eliminated. So far as known, the 
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instrumental errors were eliminated, but there remained the 
systematic personal errors of measurement which he showed to 
be present in a previous paper in which the measurements of 
imitation rotation displacements were considered. ‘To eliminate 
these errors he devised a mask which could be readily moved 
from one strip of spectrum to another, thus showing the same 
configuration of the lines in the measurement of any line in each 
of the three strips of spectrum, and further keeping all knowl- 
edge of the magnitude of the displacement from the observer. 
Measurements of sixteen equatorial displacements made with 
this device were found to be systematically greater than those 
made previously without it. The mask saved the eye from 
strain and made it possible to measure all day. 

Comparisons were made of measurements by Plaskett and 
DeLury showing serious systematic differences as follows :— For 
the equatorial velocity from 35 plates at A 5600, Plaskett’s value 
was 2°O00S m. per sec., DeLury’s value, 1°95! m. per sec., while 
for plates at A 4250, Plaskett's value was 2°CO6 m. per sec., 
and DeDury’s value 1°996 m, per sec., showing that the charac- 
ter of the spectrum plays some part in the error. A similar 
tendency was found previously in the measurements of the 
arbitrary displacements. ‘The values obtained by Duner, Halm 
and Adams were found to differ in a similar manner and un- 
doubted.y systematic errors of measurement at least partially 
accounted for these differences. 

Such grave systematic errors being present, Dr. DeLury 
thought it unwise to attempt to give definite answers to ques 
tions (1) and (2) and considered it advisable that observers of 
the solar rotation should take every precaution to eliminate these 
errors and find out their nature before doing so. With regard 
to question (3), both his measurements and Mr. Plaskett's 
indicated that no definite difference in rotation could be assigned 
to the different elements. Any systematic tendencies observed 
were of the nature of those found in the measurements of the 


imitation rotation plates made by means of the double-slit and 


on which, therefore, t 


1¢ displacements should be the same, and 
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in some cases the systematic tendencies were found to be the 
reverse of those found by Adams 
In the discussion which followed Dr. King and Mr. J. 5. 
Plaskett took part. 
At HAMILTON 


Vay ro Mr. Samuel Beatty, M.A., Lecturer on Mathe- 
matics in the University of Toronto, lectured this evening on the 
subject Astronomical Weights and Measures.” 

By the aid of lantern slides and blackboard diagrams the 
lecturer made plain the methods by which the various determin- 
ations are arrived at. 

First was described the ‘‘ celestial sphere ’’ and how each 
day the place of the sun might be plotted upon it which would 
vive the apparent motion of the sun about the earth. 

Then from noticing the nodes the length of the year could 
be arrived at. 

The properties of the ellipse were discussed and the three 
laws of Kepler were explained, 

The various methods of arriving at the solar distance were 
described, also the ways in which the size of the earth is arrived 
at. commencing with the method of Eratosthenes which, while 
perfectly correct in theory, is difficult to use successfully in 
practice 

At the close a hearty vote of thanks was tendered the 
lecturer for his interesting and instructive address. 

T. H. W. 
Ar PETERBOROUGH 

May 6.— In the Physical Laboratory of the Collegiate Insti- 
tute. Rev. Dr. Marsh gave an interesting address on *‘* The 

Latest Researches on the Planets, Especially Saturn.’’ The lec 
ture was well illustrated with lantern slides. 

The speaker first described the planet Mercury. He said it 
took SS days to pass around the sun. It has an eccentric orbit 


and is 28.000.000 miles from the sun when nearest to it, and 
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was 43,000,000 miles from the sun when farthest away. It is 
three times larger than the moon. It has mountainous mark- 
ings but no atmosphere. Its albedo, or capacity to reflect what 
light it receives, is 17 per cent., or the same as that of the 
moon. It turns on its axis in SS days. 

Venus had first been called Lucifer, because it resembled a 
torch ; later Hesperus, when seen in the morniug ; then Vesper, 
when seen at night, thus originating the vesper service, and 
finally Venus, the goddess of love. Its diameter is 200 miles 


less than that of the earth. Its orbit more circular than that 


of Mercury and travelling around the sun in 225 days, revolving 
on its axis in the same time. There isa difference of opinion 
about the time for its rotation. It has an atmosphere like that 


of the earth and its albedo is 60 to 70 per cent. It is 66,- 
000,000 miles from the sun, 

Mars, he said, is a little smaller than the earth. It is 
139,000,000 miles from the sun and completes its orbit in about 
two vears. It rotates on its axis in 24 hours and 37 minutes. 
It has markings of snow at the north and south poles that melts 
in the Martian summer and increases in the Martian fall. It 
has other markings that some of the astronomers sometimes, but 
unfortunately, called artificial waterways. The atmosphere is 
very light and it is too cold for people from the earth to live 
there. Its albedo is 27 per cent. 

The planet Jupiter is in the same condition as the world 
was, in all probability, before the water was brought together in 
one place. It is moist and its albedo is 65 to 70 per cent. 
It is 476,000,000 miles from the sun. It has a diameter of 
85,000 miles. A day on Jupiter is about ten hours long. It 
has many moons and the velocity of light was calculated from 
one of them. It is eclipsed regularly but the eclipse is not seen 
from the earth until 16 minutes and 24 seconds later. This time 
is taken in the transit of the light and showed that light must 
travel at the rate of 186,000 miles per second. 


Saturn is a planet 700 times as large as this earth. It 


is practically the same on the surface as Jupiter, only not quite 
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as old. It is what might be called a planet in the making 
There are rings abont it that are meteoric, The speaker 
believed these would eventually collapse and cither become part 
of the planet or else turn into satellites. ‘The atmosphere is 
very heavy and the albedo is the same as that of Jupiter. It has 
moons of different sizes. 

Uranus and Neptune are very distant planets. They are 
so far away that to look through a five-inch telescope they 
appear to be about the size of a green pea. So far are they 
away that very little definite information has thus far been 


gained from them. 


Ar GUELPH 


pan 


Varch 1f.—Mr. G. Parry Jenkins’s lecture before the 
Guelph Centre of the Royal Astronomical Society on ‘* The Orbs 
of Heaven,’ drew a large audience to the Carnegie Hall, and 
proved to be one of the most interesting and instructive addresses 
on astronomical matters ever delivered in the city. Some very 
beautiful photos of the different heavenly bodies were shown, 
the mountains of the moon, taken with the huge forty-inch 
Yerkes’ telescope, being especially interesting, as were also those 
of the Milky Wav. Mr. Jenkins thoroughly understands his 
subject, and described it in a way very pleasing to his audience. 
A hearty vote of thanks, moved by Principal Davison, and 
seconded by Col. A. H. Macdonald, was accorded to the lecturer 


at the conclusion of the address. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 


APRIL 


Temperature.—In British Columbia, temperatures for April 
did not differ much from average, the general departure being 
1° below normal, although in the Queen Charlotte Islands the 
departure was 4° below. In the Prairie Provinces there was a 
general positive departure of from 2° to 4%, except in Saskat- 
chewan, along the Southern Saskatchewan River, where the 
normal was exceeded by only about 1°.) In northern Ontario, 
the departure from normal ranged from almost 0° in the Rainy 
River District, to about 5° below in Algoma and Nipissing Dis 
tricts, and over the greater part of the peninsula of Ontario there 
Was a negative departure amounting to from 2° to 4°, although 
in the ake Erie counties the difference from normal was slight. 
In the western portions of Quebec, the mean for the month fell 
about 2° below normal, while in eastern and northern districts 
of the province the negative departure was about 4°. In New 
Brunswick, temperatures were for the most part about 2° below 
average, but in Nova Scotia and Prince Edward Island there 
was little departure. 

Precipitat.on.— In Vancouver Island and on the Lower 
Fraser River rain fell on an average of about fifteen days during 
April Ii xce pt on the northern coast of the provin e ard on the 
North Columbia River the rainfall for the month was above 


normal. In Alberta and Manitoba the normal was well exceed- 
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ed. In Saskatchewan, however, the amount of rain was consid- 
erably below normal, In Ontario the amount of rain was well 
above average, except locally in the Georgian Bay counties. In 
western Quebec there was a_ positive departure of about one- 
third. while in the eastern portion of the province there was 
about an equal negative departure. Inthe Maritime Provinces, 


with few exceptions, there was a marked deficiency. 
May 


Temperaiure.— In the southern interior of British Columbia, 
temperatures for May were mostly from 1° to 2° above the nor- 
mal. while in the extreme southwest of the province and on 
southern Vancouver Island there was a positive departure of 
from 2° to 3°. Over the greater part of Alberta there was an 
excess of from 1° to 2°, but in the vicinity of Medicine Hat 
there was a negative departure of nearly 4°. In most portions 
of Saskatchewan, temperatures were about 1° below the normal 
for the month, while in Manitaba the normal was exceeded by 
from 1% to 2%. Over most of the peninsula of Ontario there was 
a positive departure of from 1* to 2°, while in the Ottawa Valley 
and in Northern Ontario temperatures varied from normal to 1” 
below normal. In the Province of Quebec and over the greater 
part of the Maritime Provinces temperatures for the month 
showed a positive departure of only 1° or a little over, but in 
the northeastern portions of New Brunswick and Nova Scotia 


positive departures were recorded of 2° and 3° respectively. 


Precipitation. -Throughout the greater part of British 
Columbia there was a deficiency in precipitation during May, 
amounting to from 30 per cent. to 60 per cent. of the normal. 
On southern Vancouver Island, however, the normal was 
exceeded. In southern Alberta the rainfall was from 10 per 
cent. to 60 per cent. below average, while in the northern part 
of the province there was an excess, In Saskatchewan and 
Manitoba, except locally, pre« ipitation was from 65 per cent. to 


1090 per cent. greater than the average for the menth. Over the 
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vreater part of the peninsula of Ontario, the rainfall was 100 per 
cent. and over, in excess of the normal, and at some points an 
excess of 200 per cent. or more was recorded, In the northern 
portions of the province, the excess amounted to from 40 percent. 
to 60 percent. In the northern districts of Quebec, and in Gaspe 
Peninsula, there was a deficient rainfall, but throughout the rest 
of the province there was an excess amounting to from 100 per 
cent. to 160 per cent of the normal. In New Brunswick, except 
in the central districts, the rainfall exceeded the average by from 
10) per cent. to 140 per cent., and in Nova Scotia there wasa 
considerable excess except in the eastern districts, where a 
shortage was recorded. In Prince Edward Island the rainfall 


differed little from normal. 
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MAGNETIC OBSERVATIONS 


With the exception of small disturbance from 22 o'clock ot 


lith to 5 o'clock of 12th of May the magnets were quiet. 


Declination 


Mon Amplitud ‘ 
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ASTRONOMICAL NOTES 


A Note oN GELATINE USED IN THE MAKING OF LIGHT- 
Fitters. — The following note taken from a recent issue of 
‘‘Photographische Rundschau’’ is given in the 2ritish Journal of 
Photography for March 15, 1912. Baron A von Hubl draws 
attention to the irregularity which may be caused in the making 
of dye light-filters as a result of impurities inthe gelatine used as 
vehicle. He recommends the use of iodine as a destroyer of 


these impurities. 


In the preparation of light-filters for photographic work it is 
now almost the universal practice to employ glass plates coated 
with a solution of gelatine containing dissolved aniline dves. 
In doing this itis generally assumed that the gelatine isa perfectly 
inert body, simply playing the part of the vehicle of the dye. 
The assumption cannot, however, always be made, since gelatine 
frequently contains certain impurities which even when existing 
only in traces may yet give rise to quite notable changes in the 
dyes. These irregularities are most likely to be felt in the case 
of the deeper filters, such as the dark yellow light-filters, or the 
highly selective filters employed in three-color work, as also in 
the compensating filters used for the Autochrome plate. 

A radical means of rendering such a gelatine serviceable for 
preparation of filters consists in addition, before incorporating 
the dyes with the gelatine solution, of a little iodine tincture— 
about “5 to 1 ce. of 1:100 iodine solution — to 10 ems. of dyed 


gelatine. This proportion of iodine is amply sufficient as a rule : 
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in certian cases it may perhaps be not quite enough, and it is, 


therefore, well to test the gelatine solution before use as regards 
its effect on the dyes. For this purpose the test portion is stained 
as above described with ‘‘ echt-rot,’’ the solution flowed on toa 
glass plate and put todry. If the film is of clear rose-red color 
the use of the gelatine may be proceeded with but if on the 
other band, the dry film shows a brownish-yellow color, a 
further slight addition of iodine tincture should be made and 
the test repeated 

As regards the preparation of filters with very strict absorp- 
tive qualities the results are extremely uncertain when working 
with the gelatines ordinarily found in commerce. For example, 
an Autochrome filter prepared with filter-vellow and ‘‘ echt-rot”’ 
may turn out to be brownish-yellow instead of orange, and, 
using for such filters the dyes filter-yellow and kristal-ponceau, 
etce., a red color of very different character is obtained, in spite 
of the most scrupulous precautions and adherence to the formula, 
according to the quality of the gelatine. 

The use of the iodine process given above may, therefore, 
be recommended toall ; from such simple tests as those described, 
any one may discover whether the gelatine emploved for light 
filters is in any way open to suspicion for the reasons described. 
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THe or Aprit 17.— Dr. W. J. S. Lock- 
ver was stationed as nearly as possible on the line predicted by 
the American Ephemeris, about three quarters of a mile north 
east of the village of Chavenay. Several prominences were 
observed, and from the symmetrical appearance of Baily’s beads 
it was concluded that the eclipse was quite central. From vart- 
ous papers in the Comptes Rendus for April 22 we learn that a 
little before second contact M. Bigourdan believed he saw the 
exterior edge of the dark moon projected against the lower 
corona or upper chromosphere. It appears certain that nowhere 
in Europe was the eclipse definitely total. M. Salet reports that 
in Portugal Baily’s beads were scen round the Mcon through 


the whole of the maximum phase. He places the central line 


ae 
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south of that given by the American Ephemeris halfway towards 
that given by the Connaissance des Temps. Students from the 
Kcole Polytechnique were stationed in pairs along a line 12 km. 
in length across the eclipse track between Trappes and Neauphle 
at intervals of one hectometre. ‘Their results place the central line 
between those of the Connaissance des Temps and the American 
ephemeris 500 m. from the former and 2400 m. from the latter. 
They found the diameter of the moon between the valleys 1’°2 
less than that of the sun, whilst the diameter including lunar 
peaks was O'S greater. At Lyons Observatory 6000 kinemato- 
graph pictures were made of a screen on which images of the 
sun and moon were projected and on which a carefully rated 
watch was also hung. The average rate was ten photographs 


per second.— Journal British Astronomical Association for May. 


Tue Grear TELESCOPE FOR THE ALLEGHENY OBSERVA 
TORY.— The 30-inch refracting telescope for the Allegheny 
Observatory is practically finished except the lenses, which 
are to be ground and polished at the optical works of Dr. 
John A. Brashear and are expected to be finished in about nine 
months. 

Iiverything about the telescope is made of iron, so that all 
expansion due to heat and cold will be the same, and not throw 
the mechanism out of adjustment. Necessarily no heat may be 
admitted to the dome, and during the long 14-hour winter nights, 
which are best for observations because of the clearness of the 
atmosphere, the observer must sit in the cold, surrounded by 
iron which would freeze him fast were he to touch his bare hand 
to it. Dr. Schlesinger says that he has spent nights in domes 
where the thermometer stood at 28° below zero, and he has an 
Iiskimo costume, such as is used by arctic explorers, for that 
purpose. 


The telescope has been in process of construction for 10 


years. It is the gift of the Thaw family, to the memory of 
William Thaw, and cost more than $100,000.—Popidar Astron 


omy for May. 


214 Astronomical Notes 


MAGNETIC POWER OF THE EARTH.— Professor Arthur 
Schuster, says the Atenvum, has lately made a serious attempt 
to solve the problem of the magnetic power of the earth, and has 
examined carefully all the current theories on the subject. The 
fact that the magnetic poles are only a few degrees distant from 
the true poles of the earth has led many to conclude that the 
rotation of the earth on its axis must in some way be account- 
able for the phenomenon; but Professor Schuster gives several 
reasons for thinking that this reasoning is wrong. He is more 
inclined to the theory that the earth is a magnet because of the 
masses of iron concealed within her crust, and thinks that this 
has not been sufficiently investigated. The laws of magnetism 
as exhibited on the surface may, he says, be entirely different at 
the high temperature and enormous pressure which are supposed 
to exist in the interior of the earth, and this is the direction in 
which further experiment may be useful. Mechanic and 
Iorld of Science, May a1, 1912. 

VALUE OF SCIENTIFIC RESEARCH.—In Popular Science 
Jonthly for May, Professor R. A. Millikan, of the University of 
Chicago, puts very tersely and effectively the answer to those 
who find fault with the spending of large sums of money for 
scientific research. 

But,’ says some one, ‘‘ What of it anyway? Does the 
triumph or defeat of the kinetic theory of matter or the atomic 
theory of electricity have anything to do with the practical prob 
lems of the modern world? Is anybody going to be better fed 
or better clothed because of it?’’ 

The answer is ‘‘ Within the past seventy-five vears- the 
merest drop in the bucket of recorded time —the conditions of 
human life on this earth have been completely revolutionized, 
and that solely because, for the first time in history, man has 
become interested in considerable numbers, rather than as here- 
tofore in isolated instances, in patiently and persistently seeking 
merely to uncover nature's ‘ useless’ secrets, and then, when the 
inner workings have been laid bare, has in many cases scen a 


way to put his brain inside the machine and drive it where he 
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would, Ivery increase then in man's knowledge of the way in 
which nature works must in the long run increase by just so 
much man’s ability to control nature and to turn her hidden 
forces to his own account.”’ 

As a result of his computations Professor Millikan finds that 
‘* there are in a cubic centimetre of gas under normal conditions 
2-70 x 10" molecules, and the weight of a hydrogen atom is 
1755 x 10° grams. These numbers can be made more signi- 
ficant to the ordinary reader with the aid of an illustration. If 
a million men were to be set counting as fast as they could count, 
say at the rate of 200 a minute, they could count out the number 
of molecules in a cubic centimetre in just 252 thousand years, if 
none of them ever stopped to eat, sleep, or die.’’— /oepular 
Astronomy, Vol. XX., No. 6. 


CONVERGENT STARS.— The most remarkable group of stars 
with a well-determined convergent is that in ‘Taurus, discovered 
by Professor Lewis Boss in 1908. The group occupies an area 
about 18° in diameter, with the familiar V-shaped cluster known 
as the Hyades near its centre. The first magnitude red star 
Aldebaran does not partake of the common movement, but all 
the other prominent stars of the Hyades are moving together 


toward a point about 50° east and 8° south of the star y, the star 

at the bottom of the I” Professor Boss found 41 stars whose 

proper motions converge to very nearly the same point, within 


the limits of probable error of the data in most cases. He found 


the position of the convergent to be for 1875: 
R. A. 647-2. Decl. + 6° 56’. 
—Fopular Astronomy, Vol. XX., No. 6. 
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NOTES AND QUERIES 


Communications are Invited, Especially trom Amateurs. The Editor will try to 
Secure Answers to Queries 


THE QUESTION OF KEEPING TIME 


Our present method of counting time is so simple in practice, 
and our time-pieces are so cheap and so good that we seldom 
give a thought to the unsatisfactory conditions which formerly 
existed, This matter, however, was brought to the writer's 
attention a short time ago on being shown, by a colleague, the 
original announcement, in the hand-writing of Sir Daniel Wilson, 
the former President of the University of Toronto, of the intro- 
duction of standard time in 1885. A fac-simile of this is repro- 
duced herewith (next page 

Until about the vear 1816 the clocks of Paris were regulated 
according to apparent time, that is, according to the passages of 
the true or real sun across the meridian. On account of the lack 
of uniformity in the sun's apparent motion amongst the stars, 
(due to the earth’s revolution about the sun) the intervals 
between successive passages of the trve sun are of varying length, 
and so when apparent time was used it was necessary to medify 
the rate of going of the clocks every day or at least every week. 
Now they are regulated by the movement of a mean or fictitious 
sun, which has a uniform motion amongst thestars, and which 
is sometimes ahead and sometimes behind the true sun. 

Arago says that Delambre (1749-1822) told him that he had 
heard the same hour struck in Paris by different clocks through 
a whole half-hour. The introduction of mean time at once 


brought order out of such chaos, and led to great improvement 
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THE ANNOUNCEMENT BY PRESIDENT DANIEL WILSON. 
Posted in the University of Toronto, stat ng that Standard Time would be ad ypte 


(Facsimile from the original IN Possess 4 Professor W. J. Loud 
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in the construction of time-pieces, but with the growth of our 
transportation systems complications again arose. 

For the satisfactory running of trains on any railway line the 
clocks must all show the same time, and, of course, the question 
arises as to the time of what place they are to be regulated by 
Ina letter to the Editor, Professor Cleveland Abbe, the well- 
known officer of the United States Weather Bureau, states that 
in October, 1859, he found six standards of time in use in the 
railroad station at Utica and from that time onward he was 
persistently agitated for a reform. In Science for September §, 
1905, Professor Abbe gave an account of the introduction of 
Standard Time in America. 

The study of meteorological phenomena, in which the reports 
must be reduced to some common time, and the transmission of 
time signals over large portions of the country, as well as the 
handling of railway trains, showed the desirability of having 
some uniform time. In May, 1875, Professor Abbe requested 
the President of the American Metrological Society (F. A. P. 
sarnard, President of Columbia University) to bring the matter 
of time reform before that society. A committee was at once 
appointed with Professor Abbe as chairman. Reports were pub- 
lished in successive years, and numerous articles were published 
in the newspapers and magazines urging the adoption of a new 
system. In May, 1879, the full report of the committee was 
published. In it the existing state of confusion was set forth 
and a simple practical system of standard meridians at hour 
intervals form Greenwich was outlined. The publication of this 
report brought out the fact that others were thinking along 
similar lines, among them Professor C. F. Dowd, Sanford Fleming 
and W. F. Allen, Secretary of the General Time Convention of 
Railroad Officials. 

The proposals were adopted by the Chief Signal Officer, by 
various astronomers and others, and as a result the railroads 
agreed that the standard hour system should go into effect on 


November 18, 1885. As we all know the system has worked 
admirably. 
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In our north-west provinces the railroads use the 24-hour 
system instead of A.M. and P.M. Perhaps when they become 
thickly populated this notation may be introduced into every part 
of Canada. 


ROUIPMENT OF THE METEOROLOGICAL OBSERV- 
ATORY IN 


In the last number of the JouRNAL, Director Stupart gave 
an historical account of the growth of the Canadian Meteorologi- 
cal Service, including, of course, the observatory at the Head- 
quarters in Toronto, The present writer has come across an 
interesting relic of early days when Professor J. B. Cherriman 
was incharge. It consists of a sheet of paper containing, in the 
handwriting of Professor Cherriman, a list of ‘* Instruments in 
use atthe ObDsevatory.”’ The original belongs to Professor 
W. J. Loudon, who has allowed a facsimile to be made of it 
which is reproduced herewith. (Page 220). 

It is interesting to compare the instrument, in use in 1853 
with those in 1912. Almost every meteorological element is now 
recorded continuously, an efficient time-service is maintained, 
there is an elaborate outfit for producing the daily weather map, 


and physical researches are also carried on. 


ROTATION PERIOD OF URANUS 


At the meeting of the Royal Astronomical Scciety cn May 
10, Professor Percival Lowell announced the discovery of the 
rotation period of Uranus. It was obtained by means of spectro 
grams taken at the Lowell ObDsevatory, Flagstaff, Arizona, and 


was found to be 103; hours, very similar to the periods of 


Jupiter and Saturn. 
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SUMMER PHILOSOPHY 
CHARACTERS:—The Marchioness of G———, The Philosopher. 


Time AND PLace:—10 p.m. on a summer evening; in the park. 


One evening, after supper, we went to take a turn in the 
park ; the air, from the heat of the preceding day, was extremely 
refreshing ; the moon about an hour high, and her lustre between 
the trees, made a most agreeable mixture of light and shade ; 
the stars were arrayed in all their glory, and not a cloud appeared 
throughout the hemisphere. I was musing on this awful pros- 
pect — but who can long contemplate on the moon or stars in 
the company of a pretty woman?) [am much mistaken if that 
is atime for contemplation: well, madam, says I, to the mar- 
chioness, is not the night as pleasant as the day? The day, 
replied she, like a fair beauty, is clear and dazzling; but the 
night, like a brown one, more soft and moving. You are genet 
ous, madam, answered I, to prefer the brown, who have all the 
charms that belong to the fair; but, is there anything more 
beautiful in nature than the day ? the heroines of romances are 


generally fair; and that beauty must be perfect, which has all 
the advantages of imagination. ‘Tell me not, says she, of perfect 
beauty ; nothing can be so that is not moving. But since you 
talk of romances, why do lovers in their songs and elegies address 
themselves to the night? It is the night, madam, replied I, that 
crowns their joys, and, therefore, deserves their thanks. But it 
is the night, answered she, that hears their complaints, and how 
comes it to pass, the day is so little trusted with their secrets ? 
I confess, madam, savs I, the night has somewhat a more melan 
1oly air than the day ; we fancy the stars march more silently 
ie sun, and our thoughts wander with the more liberty 

whilst we think all the world at rest but ourselves : besides, the 
day is more uniform ; we see nothing but the sun, and one light 
in the firmament ; whilst the night shows us variety of objects 
and gives us ten thousand stars, which inspire us with as many 
pleasant ideas. She replied, what you say is true; I love the 


tars; there is something charming in them, I could almost be 
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angry with the sun for effacing them. And I cannot, says I, 


pardon him, for keeping all those worlds from my sight. What 
worlds, says she, looking carnestly upon me, do you mean ? 

I beg your pardon, madam, replied I, you have put me upon 
my folly, and I begin to rave. What folly? answered she, I 
discover none. Alas, savs I, I am ashamed, I must own it, I 
have had a strong fancy that every star is a world: I will not 
swear that it is true, but must think so, because it is so pleasant 
to believe it: it isa fancy come into my head, which is very 
diverting. If vour folly be so diverting, says the marchioness, 
pray make me sensible of it ; provided the pleasure be so great, 
I will believe as much of the stars as you would have me. I 
fear, madam, replied I, it is a diversion you will not relish ; it is 
not like reading one of Moliére’s plays ; it is a pleasure rather of 
the fancy than of the judgment. I hope, answered she, you do 
not think me incapable of it ; teach me your stars, I will show 
vou the contrary. No, no, says I, it shall never be said that I 
was talking philosophically at ten o'clock at night, to the most 
amiable creature in the universe ; find your philosophers some- 
where else. 

But vain were my excuses ; who could resist such charms ? 
I was forced to vield, and vet I know not where to begin ; for to 
a person who understands not anything of natural philosophy, 
vou must go a great way about to prove that the earth may he a 
planet ; the planets so many earths; and all the stars distinct 
worlds ; however, to give her a general notion of philosophy, at 
last I resolved on this method. Madam, says I, all philosephy 
is founded on these two propositions 

1. That we are too short-sighted. 

2. That we are too curious. 
lor if our eves were better than they are, we should soon see 
whether the stars were worlds or not ; and if, on the other hand, 
we were less curious, we should not care whether the stars are 
worlds or not, which I think is much to the same purpose. But 
the business is, we have a mind to know more than we see; and 


ivain, if we could discern well what we do see, it would be too 
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much known to us; but we see things quite otherwise than they 
are, So that your true philosopher will not believe what he 
does see, and is always conjecturing at what he doth not ; which 
I think is a life not to be envied: upon this I fancy to myself. 
that nature very much resembles an opera; where you stand, 
you do not see the stage as it really is, but as it is placed with 
advantage, and all the wheels and movements hid, to make the 
representation the more agreeable: nor do you trouble yourself 
how, or by what means the machines are moved, though certainly 
an engineer in the pit is affected with what does not touch you ; 
he is pleased with the motion, and is demonstrating to himself 
on what it depends, and how it comes to pass. This engineer is 
like a philosopher, though the difficulty be greater on the philo- 
sopher’s part, the machines of the theatre not being near so 
curious as those of nature, who disposes her wheels and springs 
so much out of sight, that we have been a long while guessing 
at the movement of the universe. 

I perceive, says the lady, philosophy is now become very 
mechanical. Yes, madam, replied I, so mechanical, that I fear 
we shall quickly be ashamed of it; they will have the world to 
be in large, what a watch is in small, that is very regular, and 
depends only upon the just disposition of the several parts of the 
movement. But pray tell me, madam, had you not formerly a 
more sublime idea of the universe? Do not you think then that 
you honoured it more than it deserved ? for most people have the 
less esteem for it, since they have pretended to know it. I am 
not of their opinion, says she; I value it the more since I know 
it resembles a watch; and the more plain and easy the whole 
order of nature seems, to me it appears the more admirable. 

I do not know, answered I, who has inspired you with these 
solid notions, but I am certain there are few who have them 
besides vourself: people generally admire what they do not 
comprehend ; they have a veneration for obscurity, and look 
upon nature, as a kind of magic, while they do not understand 
her; and despise her below legerdemain, when once they are 


acquainted with her; but I find you, madam, so much better 
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disposed, that I have nothing to do but to draw the curtain, and 
show you the world. 
That noble expanse which appears farthest from the earth, 
where we reside, is called the heavens, that azure firmament, 
where the stars are fastened like so many nails, and are called 
fixed, because they seem to have no other motion than that of 
their horizon, which carries them with itself from east to west. 
s-tween the earth and this great vault, as I may call it, hang, 
at different heights, the sun, the moon, with the other five stars, 
Mercury, Venus, Mars, Jupiter and Saturn, which we call the 
planets. ‘These planets, not being fastened to the same heaven, 
and having very unequal motions, have diverse aspects and 
positions; whereas the fixed stars, in respect to one another, are 
always in the same situation: for example, the Chariot, which 
vou see is composed of these seven stars, has been, and ever will 
be as it now is, though the moon is sometimes nearer to the sun, 
and sometimes farther from it ; and so it is with the rest of the 
planets. Thus, things appeared to the old Chaldean shepherds, 
whose great leisure produced these first observations, which have 


since been the foundation of astronomy ; which science had its 


birth in Chaldea, as geometry sprung from Egypt, where the 


‘nundation of the Nile, confounding the bounds of the field, 
occasioned their inventing more exact measures to distinguish 
every one’s land from that of his neighbor. So that astronomy 
was the daughter of idleness, geometry the daughter of interest ; 
and if we did but examine poetry, we should certainly find her 
the daughter of love. —(From Fontenelle’s *’ Plurality of 
Worlds,’ published in 1656). 


ROBERT RIDGWAY: A CORRECTION 

In the last number (page 150) it was stated that Mr. Ridg- 
way was born in 1843. This should have been 1825, as at his 
death he was in his 89th year. When he first became a member 
of the Astronomical Society he was a teacher in the ‘‘ Grammar 
School on Jarvis St. 
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